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; PREFACE

Model making is far from a, senseless hobby just

the opposite; it is practical, educating and carries with

it the prestige and dignity of a specialized science. Its

scope is unlimited and its ramifications are unnumbered.
The giant four-cylinder compound locomotive is repro
duced in miniature complete in every detail from Wai-
schaert valve to throttle; a torpedo boat destroyer is

modeled and provided with workable steam engines, a

model speed boat is constructed and coaxed into going
30 miles per hour; a six-cylinder engine is built with a

six-throw crankshaft turned out of a solid piece of steel.

This cannot exactly be called model making. The ex

pression is inadequate and does not carry with it the

full meaning of the work. It is really model engineer

ing engineering in miniature. The construction of a

model locomotive involves no small amount of work and

knowledge. Its constructor must know something of

steam engineering, he must be able to read the most ad
vanced blueprints to enable him to produce his model to

scale from a drawing of its prototype. Aside from this,

he must be a mechanic of no mean ability. He must

possess infinite patience and resourcefulness. Of course,

not every model maker can build a locomotive. More

simple mechanisms are usually chosen to start with.

This is where part of the real value of model making
presents itself, -and its educating value becomes mani
fest. The man who makes a miniature locomotive, a

torpedo boat destroyer or airship, has increased Ms own

knowledge to a great extent; the experience has made
him a better mechanic. In many cases, the fundamental

5



6 Preface

principles of operation must be mastered before the
model is made. As an example: A young man decides
to make a workable model of a gasoline engine. First,
unless already acquainted with its principles of opera
tion, he must study them until he becomes sufficiently
acquainted with them to proceed intelligently with the
design and construction of his machine. The engine
must be carefully laid out and drawn accurately to scale

;

its bore, stroke, power and cycle must all be decided
upon. After the design is completed upon paper, the
patterns for its castings must be turned out and then
the machining starts. Precision and accuracy is essen
tial

^to
a well-working engine and the lathe must be

manipulated with skilful fingers. The engine is finished
and assembled. What has its builder accomplished? He
is perfectly satisfied to stand and watch it run on the
workshop bench. That is all he made it for, but aside
from this, the love of his hobby has taught him much
ol practical value, as can readily be understood. The
thousands of model makers in England have been of
great value to their country through the wonderful
knowledge they obtained by &quot;tinkering&quot; with models

After a man spends many hours- yes, even days,weeks and months-cm the model of a certain machine
upon completion the thing represents something to him
very remote from money. It is not made for money, and
therefore is value is not estimated in money. It is diffi!cult to explain just how a man regards his model. His
eye

S&amp;gt;

never fare of it-he actually loves it. The writerhas in mind a man who cried like a child when I Todelupon which he had worked
faithfully for a period of

The
S

n
n

tation. The man was no exception. The insurance horeceived from the express company was noth n to Mm
jn

comparison to his work. He was merely a^modeler possessed of some peculiar God-given
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that made him love a miniature creation of his own
hands.

The reader will notice an unmistakable defensive

tone in the above paragraphs. True, it is defensive and
intended largely to vindicate the fact that a modeler is

not necessarily an immature youth or a man with child

ish notions and that model making is an engineering
science rather than a senseless hobby.

In England, model making or model engineering car

ries with it a different meaning than it does at the pres
ent time in America. There has been a tendency in this

country to associate it with toy making, and no com

parison could be more vague or humiliating to the ardent

followers of the work than this. It is utterly unjustified
and the impression remains merely because the public in

this country has not been educated to the true meaning
and significance of the science a category in which it

rightfully has a place. It is hoped that this book, which

is prepared to give impetus to model engineering in this

country, will also serve the double purpose of creating
a correct impression of the work its pages are devoted to.

The best articles on model engineering that have

appeared in Everyday Engineering Magazine during the

past two years have been chosen for this book. It was
the writer s task to re-edit these articles and arrange
them for publication, together with 29,000 words of Ms
own writing relative to model engineering, part of which

have appeared in past issues of the magazine and part
of which is being published for the first time. Due

acknowledgment and thanks are given to the various other

contributors, as follows: J. F. Springer, H. H. Parker,

George Bender, Thomas S. Curtis, Arthur J. &quot;Weed, A.

Koster, L. F. Carter, Ian McKinzie, Ealph R. Weddell,

Raymond Tetens, James E. Carrington, J. Fawcett Rapp,
Omer Cote, S. H. Kershaw, and E. B. Nichols. The
writer wishes to acknowledge his especial indebtedness to
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Mr. George Bender for his valued assistance and sugges

tions in connection with the actual preparation of the

volume. Mr. Bender is one of the most enthusiastic and

able model engineers in the country, and the truth of this

statement is well substantiated by the descriptions of some

of his models which appear in this volume, especially the

model steam locomotive in Chapter XXVIII.

In the .second revised and enlarged edition of this book,

we have included an illustrated description of How to

Make a Horizontal Sundial, by James W. Bulman; A
Model Steam Yacht, by Gilbert S. Lyon; A 34-Inch Spread

Monoplane Model, by H. C. Ellis; A Model Electric

Launch, by E. V. Cole; Construction of Model Marine

Propellers, by Paul J. Duncan
; Making Model Eailroad

. Track, by L. G. Copes, and A Model Passenger Car, by

Georg*e Bender.

If this book helps to create interest in model engineer

ing and also helps to correct the impression of a misin

formed public relative to the science it treats, the highest
wishes of those responsible for its inception will be

realized.

BAYMOND FKAISTCIS TATES.
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MODEL MAKING

CHAPTEE I

THE MODEL ENGINEERS WORKSHOP

Notes on the general arrangement of the model engineers workshop and

tool equipment The locations of the shop, its lighting, heating,

ventilation and power-driven machines.

Before considering the tool equipment and general

arrangement of the model engineers -workshop, a few

words will be said in regard to the location of the shop,

which is of some importance. If the workshop is in the

house it is generally necessary to either put it in the

cellar or in the attic
;
both locations have their advantages

and their disadvantages. The attic is extremely warm in

the summer and unbearably cold in the winter. The attic

does possess the advantage, however, of being very dry

and, in the average case, quite light. Cellars are often

quite damp and this is bad for the tool equipment, as good
steel rusts very easily unless it is properly protected.

The cellar, however, is delightfully cool in the summer

and, with the furnace, it is comfortable in the winter.

Of course, the matter of light must be considered if the

shop is to be placed in the cellar, as artificial illumination

must be employed and this is by no means desirable. The

lighting problem can be partly overcome by giving the

walls a good coating of whitewash. This reflects light

and it is not necessary to employ such powerful lamps

to illuminate a given space. The whitewash also makes

the cellar more -clean and wholesome. A wooden floor

placed over the concrete is also a decided improvement

and offers some protection to the worker. If a good,

15



16 Model Engineering

substantial cabinet is made to keep the tools in, the

trouble from dampness will be almost entirely obviated

providing the tools are not left lying around the bench.

The lathe, drill press and other small machine equipment
should be kept well covered when not in use and, if left

for a considerable time, the parts that are not enameled

should be smeared with vaseline, which can be easily

Fig. 1 A corner in a model engineer s workshop

removed and which is very effective in preventing rust

and protecting the steel from moisture.

Owing to the low ceiling in most cellars, it is almost

impossible to drive the lathe and drill press or other

machinery from a line shaft and the independent/motor
drive must be introduced. This is to be desired and
recommended. Although expensive, it is more convenient

and satisfactory. If second-hand motors are purchased
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the expense need not be prohibitive. A well-arranged

shop in the cellar is shown in the illustrations, and from
these the reader will get a good idea of just what can

be done by using a little care and forethought in making
the plans. It will be seen that everything is systemat

ically arranged and that every tool has a place.

Fig. 2 A power-driven jig-saw in a workshop

If there is a window in the workshop, the lathe should
be set up before it, as this offers the very best light pos
sible to work by. If such an arrangement is not possible,
a shaded light will have to be dropped on a cord over

the lathe. In this case, it is well to arrange a small board
in back of the machine and place all the gears, wrenches,

attachments, etc., upon it where they will be convenient

to reach. A small shelf can be placed at the bottom of

the board to hold tools, reamers, drills and measuring
instruments while the workman is using the machine.
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If the lathe is motor-driven, the controlling switch should

be placed so that &quot;the operator can reach it with little

trouble, as it is oftentimes necessary to stop a lathe

quickly, especially in screw-cutting. Further informa

tion on setting up a small lathe is given in Chapter II.

The work bench is an important part of the equipment
of a small shop and should be given careful attention. A
large bench should be made when possible, providing
there is sufficient room, as a small bench soon becomes

littered with tools when a job is being done, and this

necessitates searching for certain tools more often than

would otherwise be necessary if a larger bench were built.

Two-inch planking should be used for the top of the

bench. Twenty-four inches is a good width for the bench,

although 30 inches does not make it too wide. The sup

porting posts should be made of 2 x 2-inch stock and

these members should be placed not more than 3 feet

apart if a good, substantial bench is desired. A long
tool rack can be placed behind the bench and this can

be formed by a long plank nailed or bolted to the wall.

Various tools can be arranged upon this. In many cases

they can be held in place by means of nails and such

things as files can be held in a special rack cut from a

piece of wood. Both a heavy and a light vise should be

attached to the bench at opposite ends, and a light should

be placed quite close to each one, as very careful and
accurate work is often done in the vise and sufficient light

is quite necessary. The work bench can be elaborated

upon by adding several drawers to it, as there is a multi

tude of things that may be kept in them, A splendid
addition to the bench can be made by building a shelf

over it where stock of various nature can be stored out

of the way. Lumber, brass rods, steel rods, metal sheet

ing, etc., can be placed, on this shelf where it will be out

of the way and yet always conveniently available.

In one corner of the shop, a small shelf should be made
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upon which all soldering, &quot;brazing, tempering and heat

ing operations in general should be done. This shelf

should be well covered with asbestos board or heavy
asbestos sheeting to render it absolutely fireproof. If

this shelf is placed against a wooden wall, it will also

be necessary to protect the wall in the same manner. In

the cellar, where there is a stone wall, this procedure

Fig. 3 A tool cabinet in a cellar workshop

will not be necessary, although a small hood made from

heavy asbestos sheeting should be placed over the shelf

to prevent sparks from reaching the ceiling. A small

bellows can be placed under the shelf, where it can be

operated with the .foot if the worker desires to use a

slight air pressure in connection with a blow lamp or gas

burner for brazing or silver soldering.

IST-ow that the general arrangement of the model mak

er s workshop has been covered, the tool equipment of

such a shop will be considered more in detail. Anyone
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can have a well-equipped shop if they have the money
to invest in it, but the average model maker finds it neces

sary to accumulate his tools slowly and, in many cases,

piece by piece, until a complete outfit is obtained. The

following is a list of tools that should form the equipment
of the model engineer s workshop. While many costly

tools and machines could be added, the writer believes

Fig. 4 A small, power-driven drill press in a model engineer s shop

that the list is complete enough for the average fellow
whose ambition in this respect is generally limited by his

pocketbook:

Small lathe (Screw-cutting if Possible)
Drill Press

Grinding Head (See Chapter VI)
Hack Saw (Both Large and Small)
Hand Drill

Set of Drills
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Gasolene Torch. ^
Two Soldering Coppers (Large and Small)
Two Vises (Large and Small)
Assortment of Files

Micrometer

Scale

Calipers (Inside and Outside)

Six-inch Dividers
&quot;

Chisels

Center Punches

Pliers

Tinner s Snips
Assortment of Taps and Dies

Tap Wrench and Die Stock

Screw Drivers

Machinists 7

Square
Drill Grange

Various Hammers
Scriber

Much could &quot;be added to this list in the way of wood

working tools, but owing to the fact that most of the

model engineer s work is done on metal this was not

thought necessary. Two good saws, a draw-knife, a few

chisels, a plane and a mitre box would compose a good
wood-working equipment which would meet the needs of

the average shop. Such, an outfit is, of course, quite

necessary if model power boat hulls are to be made. All

wood turning can be done on the metal working lathe and
the tools used can be ground to shape from old files, as

explained in a subsequent chapter.

A very useful addition to the workshop is a small

cabinet with at least twenty drawers, in which small

brads, nails, tacks, screws, nuts and bolts may be kept.
A sample of the screw, nut or whatever it may be that is

kept in the drawer, should be fixed to the front of it so
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that a search for the object wanted will not be necessary.A small cabinet of this nature can be easily made by pro
curing a few tobacco tins of a certain size and building
a small wooden rack to place them on. The tins should
be provided with covers to keep dust and dirt out.

In many cases the model engineer can build his work
shop in the back yard, and he can then design it so it
will be well lighted, ventilated and heated. Such a shop

. 5-A small engine lathe with attachments mounted on the wall
where they will be convenient

should have at least 225 square feet of floor space, andmore if possible. It will be quite necessary to afford
ample protection from moisture and dampness when the
floor 1S put in, and the builder is cautioned to consider
this point very carefully, as a. poorly constructed floor
will make the place very damp and the tools will suffer
greatly Several remedies can be applied in a case like
this, and probably the most practical method and theone requiring least trouble and expense is that of puttingm a double floor with a layer of heavy tar-paper place?



The Model Engineers Workshop 23

between. Many might think that raising the shop off the

ground on posts would be effective in preventing trouble

with moisture, and this is quite so, but, at the same time,
the fact that such a building has a very cold floor in the

winter time should not be lost sight of. The sides might
be boarded up in the winter, but in the end this procedure

Fig. 6 A power-driven lathe mounted on a work tench

is far more expensive than placing a double floor in the

building when it is put up.
In order to have the shop well lighted, it is a good plan

to put in a sky-light about 6 square feet in size. In the

winter when the shop becomes more difficult to keep at

a comfortable temperature, the sky-light can be boarded

up, as windows always make a building cold. However,
all the windows possible should be used when the weather
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conditions permit. Plenty of light means accuracy in

machine work, and accuracy means good &quot;working models
that will function as their builder intended.

The model engineer should take a great pride in his

workshop and everything should be kept in good condi
tion. After each job is finished, the tools should be put
away, each in its proper place, and the bench and lathe

carefully brushed off. The importance of keeping every
tool in its place cannot be overestimated, as every good
mechanic well realizes. If this is done, a job can be car
ried on quickly and the worker will not lose patience and
temper in looking for a certain tool which may be ob
scured under a lot of dirt and junk spread about the
bench. Order should be the watchword of the model
engineer in regard to his shop.



CHAPTEE II

LATHES AND LATHE WORK

The type of lathe to purchase for model making Setting up the lathe

Elementary lathe work Wood turning Grinding tools Knurling
Metal spinning Turning crankshafts Screw cutting Internal lathe

work Attachments for a model engineer
;
s lathe A small lathe made

portable by mounting it in a cabinet.

The lathe for model making or light experimental
work need not be an expensive one. A complete outfit,

comprising a practical lathe with a few tools and attach

ments for nearly ^11 ordinary jobs, may be purchased for

from $40.00 to $60.00, depending upon the equipment
desired with it.

Money so invested is well spent, for not only does the

home lathe offer opportunities for developing a fasci

nating and edifying hobby, but it will also provide many

Pig. 7 A model maker s lathe

a chance to turn an honest penny for its owner. The
field to-day for mechanical toys, novelties, and working
models is tremendous and the wise home mechanic will

25
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make Ms work lucrative to the extent of paying for his

equipment and perhaps giving him a little surplus be

sides. And, in this connection, let it be said that there is

probably no single tool in the entire shop that develops
in its owner and user snch a sense of affection as the

lathe.

In selecting the lathe it is well to send for the catalogs
of the manufacturers, comparing the various features of

Fig. 8 Using a sawing attachment on the lathe shown in Fig. 7

practical importance as well as the prices. There are
just a few essentials that the prospective purchaser
should look out for, regardless of whether he wishes
a heavy, expensive tool or a light bench lathe. One of
these is the hollow spindle found on every modern lathe
of any value whatever regardless of its price. There
must be a hole clear through the live spindle (the revolv
ing one) and the hole at the &quot;business end&quot; should be
tapered to take a standard No. 1 Morse taper in the case
of a small or moderate-sized lathe. This is important.
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On the headstock (live spindle) end of the lathe there

are other features to look out for. For one thing, there

positively must be some means for taking up the inevi

table wear in the spindle and bearings. The only prac
tical method is the cone bearing, which is so simple and
effective that no honest manufacturer should do without

it even in a cheap lathe. In selecting a lathe, see whether
there is a little collar at the left hand end of the live

Fig. 9 A close-up view of the sawing attachment

spindle that can be screwed up to tighten the spindle in

its bearings.

A third point to look out for is to see that there are

regular oilcups of some description on the headstock.

Even crude ones will be better than nothing, but the really

well-designed tool, even though it be an inexpensive one,
will have a cup with some sort of a cover device to pre
vent chips and filings from getting into the oil receptacle
and from there to the bearing where they would cause

trouble.

The fourth point, is to see that there is a cone pulley
on the lathe. At least two steps and preferably three

should be demanded, as the only practicable method of

changing speed, and at the same time producing the cor

responding change in power delivered at the work, is by
means of the cone pulley. The one exception to this state-
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ment is found in the case of the expensive, direct-con

nected, motor-driven lathes. The popular idea that a

variable-speed electric motor can be belted direct to the

lathe pulley and a satisfactory adjustment of speed and

power obtained is a fallacy, as the variations in motor

speed produce a corresponding variation in power deliv

ered at the work. The proper way to belt a motor direct

to a lathe of this kind is by means of a cone pulley on the

motor as well as on the lathe. By this means, when

greater power is required at the work, the small pulley
on the motor will revolve at high (proper) speed while

the large pulley on the lathe will take all of the power

j Fig. 10 Centering a steel rod

|

,
possible from the belt -.owing to the far greater tractive

1

f

&amp;lt; * surface presented to the belt by the large pulley.
/

* Other considerations are of lesser importance, but

;

;
among them may be noted the size of the live spindle,

f P which should be as large as practicable to afford stiffness,
the proportions of the nose (threaded portion of spindle),
which should have plenty of metal under the threads, and
the size of the hole in the spindle.

The bed of the lathe should by all means be machined
(milled). Some very cheap lathes are turned out for
wood turning with the beds simply cleaned up on a

i grinder, and these are an abomination.
The tailstock (opposite the headstock) should be ad

justable along the bed by means of a screw clamp readily
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accessible, for this adjustment is made hundreds of times

during the course of a job. The feature of a quick-fed
tailstock spindle is a valuable one as it adapts the lathe

for drilling. In addition to the lever feed, the tailstock

spindle should have also a screw feed for use in -turning

to hold the dead center against the work.

The purchase of attachments will rest with the indi

vidual. He will need, first of all, some tools to work with

and also either a countershaft, foot power, or electric or

other motor, for the drive. The countershaft is a great
convenience even with direct electric motor drive, as it

enables the lathe to be started and stopped almost in

stantly without having the momentum of the motor arma
ture to be overcome. A drill chuck is practically essential,

as is also a small universal scroll chuck. The latter will

make it possible to grip metal rods, cylinders and discs

in the lathe without the trouble of centering and support

ing by means of dogs and clamps. However, as these are

both more or less identified with rather advanced metal

turning, they may be omitted until the worker has gained
some experience.

The equipment supplied with the lathe, as a rule, con

sists of a slotted face plate (to screw on nose), an arbor

with a nut to take grinder wheels, saws, etc., and also

discs of metal or wood to be turned, a tee-rest to form a

support for hand-turning tools, and a drill chuck to take

drills from to % inch in size. This, with the addition

of a few tools, will enable the worker to start serious

work.

When the lathe comes, it will be covered with a thick,

sticky grease which protects it from rust in transit. This

grease must be removed with a cloth moistened in kero

sene aixd the bright metal parts polished so that they are

not sticky. Going over the lathe once a week with an

oily cloth will keep all parts bright and shiny, as they
should be.

, .
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When selecting the spot for the lathe, bear In mind

just a few very important points. First is the light;

this really should come from over the right shoulder,

as it should fall directly upon the work at the point of

cutting. If this cannot be arranged, the light may come

toward the worker, who will then have to wear a vi sot-

to shield his eyes. The least favorable is to have the

light come from over the left shoulder. It merely blinds

by reflection and casts a deep shadow at the point whe.ro

it is most needed. The only alternative is to place a

sheet of white reflecting material on a movable arm so

that the light is reflected upon the work.

The next consideration is the bench or table upon
which the lathe is mounted. This bench should be stiff

and rigid to resist the tendency of the lathe to vibrato,

especially when running at high speed with a piece of
work of unequal proportions (out of balance) between
centers. If only a kitchen table is obtainable, it should
be braced with crossed wires and spreaders between the

legs and the feet really should be secured to the floor if

possible. This latter is positively necessary if the coun
tershaft or driving motor is on the ceiling or wall. If the
motor is mounted upon or underneath the table, the feet
need not be fastened to the floor. The best and most sat

isfactory bench is one built into the shop. It may be
crude, but it must be stiff and level; even though ceiling,
floor and walls are out of true, see that the lathe bench
and aU shelves, supports, etc., carrying running ma
chinery of any kind, are quite level.

Another point is to see that the lefthand end of the
lathe is not obstructed so that rods, etc., may be passed
through the live spindle. See also that there is enoughroom in back of the lathe to permit a circular saw to be
used with effect.

Set the lathe up with the largest screws that will pass
through the holes in the feet, or, better still, use flat head
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bolts passed through holes in the bench, with the nuts

and washers underneath. Make sure the lathe bed is

parallel with the line shaft, or with the countershaft.

Arrange all tools, attachments, etc., on ledges and shelves

within easy reach and bear in mind constantly in placing
these shelves -that the entire bench all around the lathe

becomes literally snowed under with chips and shavings
when wood turning is done. It is far better to have the

tool shelves slightly beyond reach of the shower of chips,

as it will save many a valuable minute in cleaning up.

To line up countershaft or line shaft pulleys with those

on the lathe, simply tie a plumb line to the upper shaft

and slide it along until the bob comes to a standstill

directly beside the lathe pulley cone. If line shaft, coun

tershaft, and lathe have been properly mounted in paral
lel and perfectly level, no trouble will be had with belts

running off. The final adjustment of the pulleys will

make them ready for belting.

In placing belts, put the smooth side of the belt next

to the pulley. The rough side will not pull nearly so well,

as its uneven surface provides a myriad of air pockets
which prevent traction.

To lace the belt ends, cut the belting with a sharp
knife against a tri-square, as the ends must be square,

cutting the belt % inch shorter than you can stretch it

by pulling the leather over the pulleys. Then punch or

drill three small holes in each belt end, making sure the

holes are opposite each other. Pass a piece of soft iron

or brass wire, of about No. 22 gauge for a 1-inch belt,

through one hole at the edge, then through the corre

sponding hole in the opposite end of the belt, making sure

the belt is in position. Draw up the wire and pass one

end through the next hole, crossing over on the rough
or outside of the belt. Pass through the opposite hole

and over to the third pair, crossing again on the rough
side. DraV up tight and pass through once more to give
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a double thick lace on the side next the pulley. Cross

back to the center pair of holes and pass under again.

Then cross to the first pair of holes, pass under and up

through and two ends of wire will be had to link -together

on the rough or outside surface of the belt. The smooth

side, next the pulley, will have no cross-over laces to wear

through after a short amount of use.

The amateur will first perform the operation known

as &quot;scraping&quot; by the skilled worker, who looks askance

upon this form of wood turning. It is, however, safe

and easy in the hands of the unskilled, although it is

infinitely slower, less efficient, and productive of poorer

Fig. 11 Proper centering
1

results than the true wood turner s cut, which, is moro of

a chisel or knife-edge cut. The latter is somewhat dan

gerous in the hands of the novice, as the tool is almost

sure to &quot;bite&quot; or grab into the wood if it is not held

properly.

For such tools, the use of old flat files, ground prac
tically square on the ends, is recommended. Such a tool,

when brought up to a piece of wood in the lathe, and

supported upon the tee rest, which should be just as close

to the work as possible, will scrape off stock at an aston

ishing rate. For roughing off the surplus stock, a tur

ner s gouge is used, as a rule. This tool may be used with

comparative safety by the novice if he is careful to take

light cuts and -to grip the tool firmly, using his forearm to
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hold down the long handle. The finishing cuts are taken

with what is known as a skew chisel (the cutting edge is

askew) but the use of this tool is not recommended unless

the worker can. get some instruction in its use. It will

bite fiercely if not used properly, and if it does nothing

worse it may spoil a piece of nearly finished work.

For metal work, the slide rest is practically an essen

tial. Some metal turning may be done with the tool

made from a flat file held on the tee rest, but for fairly

good work the slide rest is necessary. This is particu

larly the case when a long shoulder is to be turned, for

Fig. 12 Two examples of improper centering

instance. For curved profiles, the hand tool is quite sat

isfactory, however.

The metal turning tools that go into the tool post
on the slide rest are usually of Vi x %-in&amp;lt;& carbon steel.

for a small lathe. There is a little curved rocker piece

that goes beneath the tool in the tool post to alter the

height of the cutting edge of the -tool. This cutting edge
should ordinarily be exactly on a line with the center

of the work. There are modifications of this rule, par

ticularly in the case of work of large diameter, but in

facing or shouldering small rods, for instance, the tool

should be set to the center.

There are just a few cardinal principles to be mas
tered by the worker in metals that are essential even to-
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the most mediocre work. These points will be consid

ered. The first thing to learn is what is meant
l&amp;gt;y

rake

and clearance. These two terms mean volumes in the

use of metal working tools.

The rake of a tool is the angle of the top or cutting

surface to the work &quot;being
cut. If the surface of the. tool

slopes toward the work, or downward in the direction of

the work, the rake is negative; if it slopes a^vay from the

work, the rake is positive. To keep these in mind, remem
ber that the positive rake is the one that makes a barb or

&quot;hook of the tool to catch underneath the chip and pull it

away. The negative rake scrapes the surface away in

stead of catching underneath and tearing it or pulling it.

CHI5L MARK

Fig. 13 Lathe centers should &quot;be kept as shown at the left. Accurate
work cannot be done with a tool such as that shown at the right

Now there is something in the nature of metals
we do not fully understand but which experience haw
taught us makes it necessary for us to use one kind of
rake

^

with certain metals and the opposite with others.
For instance, Irass invariably demands a negative rake.
If one attempts the slightest operation upon brass with

a^tool having a positive rake, the tool is almost sure to
bite into the work, spoiling it and perhaps break the tool
Be sure to have the top surface of the tool ground so that
it slopes downward toward the work when cutting brasfi
Steel, on the other hand, demands a decided positive
rake-

* *
&quot;

It is not necessary to regrind the entire cutting sur-

i?
C V 7

e
,
t001 Wllen chaW? from one to the other.

it the tool has normally a positive rake for steel one
needs merely to take the tip of this rake off so that just
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the cutting edge has a negative rake when brass is to

be cut.

In turning from a casting,- take a cut sufficiently deep
the first* time to get quite beneath the scale or hard crust

on the casting. Be sure this crust is cut right through,
as, if it scrapes the tool at all, the cutting power of the
latter will be destroyed and it must be regrouiid.

Pacing End
of Shaft-

Posfti ve
Rake - Steel Rake- Brass

Fig. 14r A. Using a left-hand side tool. B. Using a right-hand side tooL
C. A right-hand bent tool. D. A right-hand diamond point tool. E.
Left-hand diamond point tool. r. A round nose tool. G. A cutting-
off or parting tool. H. Bent threading tool. I. Roughing tool. J.

Boring tool. K. Facing the end of a shaft with a right-hand facing
tool. L. A tool ground with a positive rake for cutting steel. M. A
tool ground with a negative rake for cutting brass.
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The clearance of a tool is the separation or, as its

name implies, the clearance between the body or support

ing portion of the tool and the work being cut. The illus

tration showing the various angles for cutting tools illus

trates this clearly. All tools must have clearance to

prevent the unused portion of the tool from scraping the

ig. 15 Thread cutting on a small lathe with a die and stock

work and preventing the cutting edge from doing its

duty.

The larger lathe shown in Fig. 17 is very suit
able for general amateur work and model making, al

though it is much more expensive and requires greater
power to drive it. Unlike a small lathe, this machine
is capable of doing many special jobs that could not bo
done successfully on a smaller machine. The smaller
the number of machines in a shop, the more desirable it
is to know how to use the lathe for work not ordinarily
done on it. A drill press is the proper machine tool to
employ in boring holes. But, if we have no drill press
perhaps we may be glad enough to rig up the lathe for
the

_work, even though it will not do the job quite so
economically.

The lathe may be used for putting on a checked edgeor milled edge or the like on the heads of thumb screws,
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thumb nuts and similar articles. Knurling may be done
on brass or steel work by using the proper tools and

speed. For what may be called hand knurling, we use
the small steps on the cone pulley, if the lathe is driven

by one; or, if electrically driven, we employ whatever
means we may have to get speed. Brass may be knurled

properly with a surface speed in the neighborhood of

300 feet per minute
; steel, at 200 feet. These are high

speeds and may not be obtainable without making special

arrangements. If not obtainable at all, then we may use
the best speed possible. The speeds mentioned refer

to the rate at which the rotating edge passes a given
fixed point. A 1-inch brass screw head would have to

turn round 1,145 times in a minute in order to have a

peripheral speed of 300 feet per minute. For a steel

Fig. 16 Turning down a small steel rod

screw head of the same size, the 200 feet per minute would:
demand 763 turns in a minute of time. .Where the tool
is mechanically controlled, we may reduce these speeds
to very ordinary ones; say, 60 feet per minute for brass,,
and 40 feet for steel

A special knurling tool is used, which the operator
may buy or make for himself. The type used in hand
knurling consists of a knurling wheel mounted in a metal
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holder at one of its ends. At the other end of the mota
holder, a wooden handle may be arranged for the con
vemence of the operator. The knurling tool used ii

machine knurling may consist of two knurling wheel
mounted in a small bracket, which in turn is pivoted 01
a holder adapted to be held in the tool post

With hand knurling it will be advantageous, not to
say necessary, to have a rest mounted in front of the

*. 17-A large model engineers lathe

the

, s

np
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we control the tool by hand or by means of the tool post.
In using the two-wheeled tool we manage so that both
wheels shall press equally against the work at all points.

In beginning, whether with the hand controlled tool
or not, we oil the work and the knurling wheel or wheels.
In machine knurling, with the pair of wheels, there is

more or less danger of spoiling the work by making dif
ferent indentations with the two wheels. To govern this

matter, things may be tested before putting on power.
&quot;We press the tool by hand up against the work, using

Fig. 18 Knurling with a hand tool

considerable force, and work the lathe belt by hand.
When we have started the knurling all round and are
sure everything is right, we may go ahead and use power
drive.

A crankshaft will have one or more cranks. Some
times these are set differently on the shaft. The turning
of the wrist pins is a particular job, requiring exact and
painstaking attention. The difficulty is, however, not so
much in the actual cutting operation as in the preliminary
work of getting the crankshaft properly on the lathe.

Naturally, it is held by the centers in the head and tail
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stocks. The line connecting the points of these centers
must be in line with the axis of the wrist piu and both
must be exactly parallel with the axis of the shaft itself.

When we go to put the work on the lathe centers we will

probably find that not only have we no center holes for
the centers but no places to put such holes. This diffi

culty may be overcome by putting temporary arms on
the ends of the crankshaft and boring center .holes n

Fine

Medium

&quot;

.

tue right

Coca rse

knurling are

If th

aild

*&quot;&quot;
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placed at the angle of the elbow. The center holes for

use in machining the wrist pins are bored in the outer

ends of the arms. If we have only single arms to deal

with, then the location of the center holes will not be so

difficult a job as otherwise. We first ascertain the exact

length of the throw of the crank. This is the distance

apart of the axes of the wrist pin and the shaft. If the

two flat faces of the arm are planned parallel, we will

be in good position to locate the central points of the

two holes, one for the shaft and the other for the center

hole. The problem now is to find if everything is all

right. If the set screws are arranged precisely the same

c
R

I

Fig. 20 How a small crankshaft is mounted &quot;between lathe centers

in both arms and are, in fact, set in line with a plane

through the axes of the two holes in the arm, then the

tightening up of these screws should put the two center

holes at exactly equal distances from the axis of the

shaft. Tighten up moderately and check with a surface

gauge. The work may be rotated by operating the lathe

by pulling on the belt by hand. Note at the same time

whether there is going to be stock all around for the

wrist pin. The testing of this matter may be done by

putting a sharp-pointed tool into the tool post and bring

ing it up near the wrist pin. As the lathe is slowly

worked to rotate the crankshaft, we can note the space
between tool and wrist pin.

The lathe may be used for spinning, provided two

conditions may be satisfactorily met. One of these is
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substantial construction; and the other is speed Spin

ning requires the speed in the spindle of the lathe ztaeli

racing from 1,800 to 2,500 R.P.M. Whatever arrange

ments are made to get the speed, they should be sub

stantial, as it is necessary to rotate the spindle the work,

and accessories used to secure the work to the spindle,

Fig. 21 Wooden follower for metal spinning

as a face-plate, etc., and in addition overcome the resist

ance to the spinning operation. With a countershaft

connected up so as to run at 450 to 600 R.P.M., we have

only to effect a drive of the spindle by pulleys in the

ratio of 4 : 1 to get from 1,800 to 2,400 R.P.M., no account

being taken of the slippage of the belt.

There are three or four differences in the lathe as

used for metal spinning from the lathe as used for ordi

nary metal -turning. These differences affect the head-

stock, face-plate, the tool rest and the tail center. The
&quot;dog&quot;

is not employed. The ordinary center-screw, face

plate or outside screw face-plate used in wood turning
is screwed onto the headstock spindle. A block of hard
wood, e.g., hard maple, is screwed onto the face-plate and
then turned to the form corresponding to the shape that
is to be assumed by the work at its first stage. The tail
center is used to hold against it the circular disc of sheet
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metal which constitutes the blank for the spinning. Fric

tion is depended upon to hold the disc in place, until

actual spinning begins. The rest is not a difficult thing
to make. The tail center may be purchased and the tools

used are not especially hard to make. The metals in

common use for spinning are copper, white metal, brass,

zinc, and aluminum. A great range of articles can be

made. Many articles that can be made by stamping can

also be made by spinning. Some articles can probably be

made better by spinning them. The tool is used as a

lever, one end being pressed against the work and the

hand supplying the power at the other. A movable pin
set up on the rest provides the fulcrum of the lever.

The direction of motion of the lever varies from a vertical

Fig. 22 How a piece of metal is spun over the form

plane at the beginning of operations to a horizontal plane
at the completion of the spinning process. As the metal

is gradually pressed over the form, the pin is moved
toward the headstock of the lathe by changing it fronj

one hole to another. The ordinary speed lathe, if of

rather robust construction, is more suitable for this work
than the engine lathe. It is a question of the speed of

the spindle. If that can be obtained with the ordinary
substantial engine lathe, then the problem is solved.

Internal work on the metal working lathe is largely
done by means of the boring bar. By mounting the bar
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on the lathe centers and providing for its rotation b;

one or more dogs, we have a considerable part ol ou

preparatory rigging. The tool or tools are held by th-

bar, a slot cut through the latter providing a means \o

holding the shank of the cutting tool. The tool is rotated

but is not, in the method set forth, fed to the work oithoi

parallel with the axis of the lathe or perpendicular to it

These two movements constitute, in external work, tin

feeding of the tool. In the present style of internal work,

the tool has only one motion and that is rotatory.

pig. 23 How a &quot;boring &quot;bar is employed to bore out a steam engine

cylinder

longitudinal and transverse feed is accomplished by car

rying the work along the lathe axis and shifting it trans

versely. The work is secured, very firmly, to the carriage

or rather to the lower portion of the compound rest. The

longitudinal movement of the work back and forth can
be provided for by putting the carriage into mesh with
the lead screw. The transverse movement of the work is

secured by operating the bottom part of the rest back
and forth squarely across the carriage. The tool in the
bar may be held in place by one or more wedges in the
slot. A great deal of work may be done by this rig.

As this type of boring bar is quite suitable for boring
out cylinders for gasolene engines and the like, a few
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more remarks may be justified. To test whether, at the

beginning, the bar and the work are central, we may
replace the cutting tool in the bar by a piece of wire.

We run the carriage back and forth and rotate the bar,

all by hand, and thus see whether work and bar agree.
In case of disagreement, it onght not to be the bar that

is at fault, since it is set between the lathe centers. But
the work may not be set properly on the carriage. In

WORK

Fig. 24 How a thread-cutting tool should &quot;be mounted

making the finishing cut, we should use an almost micro

scopic feed in order not to spring the bar. Further, the

final cut should be taken at one operation without stop

ping. One reason for this is that stopping means cooling

off, and cooling off means -shrinkage of tool and expan
sion of the hole being cut.

Probably the most important use of the lathe is that

of screw cutting. There are several lands of screw

threads in use. In America, the 60-degree V-thre&d and
the United States Standard or Sellers thread are em
ployed, and in England the &quot;Whitworth. Besides these

are what may be called the square thread and the Briggs

pipe thread. In all, the type is defined by specifying
details relative to an axial section. The 60-degree V-
thread is one whose axial section is a triangle, the angles
of which are all 60 degrees. The TL S. section is similar,

only the tops of threads and bottoms of grooves are flat-
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tened. The &quot;WMtworth thread is based on an isosceles

triangle with, the vertical angle equal to 55 degrees. The

tops and bottoms of the grooves are rounded. The Briggs
thread increases or decreases in diameter in passing from

thread to thread. The thread is otherwise something
similar to the Whitworth, only the triangle is equiangular
and the roundings are on a much smaller radius of

curvature.

The cutting edges of the cutting tool which may be

used to form any of the usual non-tapered threads is

properly shaped to the exact form and size of the axial

25A 25B

Fig. 25A Setting the tool for internal thread cutting

Fig. 25B The thread-cutting tool should be set at the exact center of

the work

section desired at the finish. That is, the flat horizontal

top surface of the nose of the tool should have the re

quired form and size. The nose should also be so shaped
that as the top is ground down from time to time for the

purpose of sharpening the tool, the form and size of the
thread section will be maintained. This shaping of the
nose may be very accurately done at the beginning, before
the tool goes into action. A gauge may be made of a
piece of thin sheet steel by cutting a notch of the precise
size and form of the thread wanted. When grinding the
nose of the tool on the front and on the sides, this gauge
may be used to test the work from time to time. The
top surface of the nose is properly made flat and parallel
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to the top and bottom surfaces of the shank. The object-

in view is to present to the work a cutting edge that is

horizontal. If the parallelism is not provided, then we

may expect the tool to cut a groove too narrow or too

wide. If exact results are wanted, too much care can

hardly be given to the grinding of the nose. Once ground
to size and form, the regrinding should be comparatively

simple, as all it is necessary to do is to maintain flatness

Lead Screw

Spindle

Pig. 26 The arrangement of the gear wheels at the end of a screw-

cutting lathe

and parallelism with the shank. The size and form of the

section will then be right.

When the tool is set, it is very important that it be

horizontal and that the top surface of the nose be at the

exact level of the axis of the work. If this requirement

is disregarded, then we may expect the thread to be

wrong. Thus, if the top of the thread is to have a 60-

degree angle and we set the tool too high or too low,

then we will not get 60 degrees but something different.

If the question is asked, &quot;How is one to make sure he has

the cutting edge at the exact level of the axis?
77 the fol

lowing answer may be made : Put the centers in the head-

stock and tail-stock of the lathe. Then bring the tool up
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close to each and note whether it is in agreement with

the level of the points of the centers. There is still an

other requirement The axis of tho cutting ed
t
i e and the

axis of the shank should be exactly parallel. When the

tool is set, these axes must be perpendicular to the axis

of the work.

In order to cut the winding groove on tho work, it is

necessary that the tool shall move along parallel to I he

axis of the work while the latter is rotating. In fact,

there must be a very exact correspondence bHweon the

,60

Fig. 27 How a thread-cutting tool should be ground

forward or backward shift of the tool and the rotation

of the work. This shifting* ol&quot; the tool is ordinarily se

cured by means of the lead screw of (Ju* lathe. We put
the carriage which supports tho tool and tool post into

the control of the lead screw. &quot;When the load smw I urns

around once, the carriage and tool will be shifted exactly
the amount of the pitch of tho lead Kerow, That is to say,
for -example, if the lead screw has (5 thnwls to the

in&amp;lt;*h,

then the pitch will be exactly % inch. Suppose, now, that

when the work turns around once, tho lend Kerew also

turns around once. Then, we .should Iwvo the tool ad

vancing or receding % inch with every turn of the work.
In fact, we should cut a thread of exactly the name pitch
as that of the lead screw. But, if tho work rotnten faster
than the lead screw, the tool will be nhifted too slowly to
cut a thread of the same pitch. We should

#&amp;lt;t
it thread

of a somewhat different pitch, Similarly, if the work
rotates more slowly than the lead cn.wt tho tool will
shift too rapidly to cut a thread of 6 convolutions to tho
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inch. We will get a coarser pitch, which means a smaller

number of threads to the inch. It is possible to regulate

the rotation of the lead screw relatively to the spindle

of the lathe and get just about any pitch on the work

that we desire. If we want 12 threads to the inch, then

we must make the lead screw turn half as fast as the

work or spindle. If we want 3 threads to the inch, then

we must adjust the lead screw to rotate twice as rapidly

as the work.

The lead screw is usually driven by the spindle

through gear wheels. It is not especially difficult to learn

&quot;Fig. 28 Testing threads with a small pocket gauge

how the gears control the pitch of the screw thread we

cut, and what gears to use in order to get a certain pitch

that may be desired. Let A, Fig. 26, be a gear wheel on

the spindle; C one on the lead screw; and B, an inter

mediate gear. First, consider B. It serves to keep the

direction of rotation alike between spindle and lead

screw. If the spindle gear A rotates with the hands of a

clock, then the lead screw gear C will also rotate with

the hands ;
and vice versa. Second, the number of teeth

on B plays no part in the relative speeds of A and C.

For example, suppose A and C have, respectively, 32

and 28 teeth, then a complete rotation of A will produce
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I 1
/- rotations of C. It will make no difference whether

B lias 10 or 40 teeth. Consequently, any figuring we have

to do will not need to take the intermediate gear into

consideration. It simply serves to keep the rotation di

rections of A and C the same.

XOAV suppose we want to cut 10 threads to the inch

and that our lead screw has 6 threads to the inch. What
must be done is to select proper gears for spindle and
lead screw to give 10 turns of the spindle while we got
6 turns of the lead screw. The gear A will be the smaller
one. Further, the two gears must have the numbers o.l:

their teeth such that these numbers will be in the ratio
6 : 10. If one has 18 teeth and the other 30, that will
cover the case. Or, one could have 24 and the other 40.
In fact, it doesn t matter what the numbers themselves
are, just so that we have the right ratio, 6 : 10. Then
we put the smaller one on the spindle and the larger one
on the lead screw. It may he helpful to recollect that
the more slowly the lead screw turns, the finer the thread
will be.

Take another ease. Suppose we want to cut a coarse
thread 5 turns to the inch. This is coarser than the
thread on the lead screw itself. Consequently, we want
the lead screw to turn more rapidly than the spindle or
the work. This means that the smaller gear must go on
the lead screw. All that remains to do is to select gears
lor lead screw and spindle that are in the ratio 5 : 6, put
the bigger one on the spindle and the smaller one .on the
lead screw; and select an intermediate gear to make it
possible tor the one to drive the other. Gears having 10^^ 18 2 ^ 24 25 and 30

&amp;gt; ^c,
b
are

If the lead screw has a right hand thread, an inter-
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r^^^ **1 be needed when*e
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to cut a right hand thread. However ahand lead screw and no intermediate ge
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of them, will cut a left hand thread. A right hand thread

is cut by advancing from right to left, and a left hand
thread by advancing in the opposite direction.

The work may be held on the lathe between centers

or it may be held by a chnck. In general, work carried

between centers may be cut more accurately than if the

chuck carries it. This is due largely or entirely to the

double support. It is a good rule when working with a

chuck on the head-stock never to take the work out be

tween the beginning and end of all turning operations.
This would apply to cutting screw threads. In fact, it

would probably be quite difficult, if not impossible, to

cut a reasonably perfect thread, if the work is disturbed

when half done.

Before cutting a thread between centers, it is ad

visable to make sure that the centers themselves are

right. The point of a center should be exactly on the

axis of the center. The levels of the two centers must
be exactly alike. To test this, the screw cutting tool may
be set in the tool post and the carriage run to one center

and then to the other for the purpose of setting the tool

for height at one and of testing the other center for

agreement with this level. It may not be out of place

here to say a few words about centers. The work turns

about the tailstock center. It is advisable, then, to pre

pare the hole in the work at the tail-stock and so that the

point of the center and the metal of the work will not

be in actual contact. This may be done by first prepar

ing a conical hole to fit the center and then counter-

boring it at the bottom with a small drill. This drill

hole, if deep enough, tends to prevent damage to the

center point either by wear or by friction. It is well to

counterbore the other end of the work also. Fig. 11 will

make this very clear.

If an interior thread is to be cut, we will naturally

have to use a tool somewhat different from the plain
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straight tool for cutting exterior threads. A suitable

tool for a considerable range of work is one with a right-

angle bend in it near the nose end. We are then able
to move the tool back and forth in the hole. Aside from
the bend, the tool may be precisely the same as the one
already described. It is very essential that the flat top
of the nose shall be set at the exact level of the axis of
the work and that the axis of the flat top be exactly at

right angles with the axis of the shank. This latter re

quirement is the one, perhaps, that will make the most
difficulty. It will be well to have a substantial shank so
that the stress of cutting will be well resisted. This re
sistance may be increased, also, by shortening the dis
tance from the bend to the point where the tool holder
grasps the shank.

&quot;Whether we cut an interior -or an exterior thread,
the tool will naturally wear. This wear should be con
fined to the edge of the top. To sharpen the tool and
perhaps better its shape, it is reground on the top sur
face of the nose. The final surface should be exactly
parallel with the top and bottom surfaces of the shank.
Naturally, a reground tool will not have its cutting edge
at the proper level, but below

it, unless we take special
measures for correcting the level. This we may often
do by simply putting a strip of thin sheet metal beneath
the shank in the tool holder.
A little consideration will perhaps convince the read

er that when we screw one thread into another, it is
not so important that the top of one thread shall touch
the bottom of the other as that the body of one thread
shall fit snugly into the groove of the other. In fact, we

SSh -fV
ar I

116 the top of neito ^ead
reaches quite to the bottom of the other and still not

thrld^
e

?f
defeCt If the *P ^e of a screw

thread is somewhat worn, we may not be able to tell its
real diameter by measuring the. over-all diameter. It
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will, sometimes at least, be best to rely on what is called

the pitch diameter. This is the average between the

diameter measured from top to top of the thread and
the diameter from bottom to bottom of the groove. It i&

really the distance from half way between top and bot

tom on one side to half way between top and bottom on

the other. This is a matter of some importance for the

reason that it may be necessary sometimes to take off

the top edges of 60-degree V-threaxls to prevent trouble

when screwing into each other. Indeed it is good prac
tice both with the sharp V-thread and the U. S. Standard
to cnt off a trifle at the top of the thread, provided the

thread is not to be case hardened. There is the advan

tage that a close fit can then probably be better made
than otherwise. The reason for thinking so is this:

Very slight differences between the two threads will then

have an opportunity for rectification, the metal having a
chance to flow into the open space. That is, the two
threads can force each other a trifle.

Where a good deal of work of one size has to be done,
it may be well to use taps and dies. There are taps for

use on a power-driven machine and taps for hand use.

Similarly, with dies. In general, accurate thread cutting
should not be attempted with hand-operated tools. It is,,

for one thing, too difficult to be sure that the axis of the

tool and the axis of the work are exactly in line during
the operation.
We now come to the question How are we to deter

mine whether our threads are right or not? We may try
one with the other. But this is by no means reliable.

Two threads that properly fit together bear against each
other throughout. Thus a nut and -a bolt when the one

is screwed onto the other should so fit round and round
the thread that a strain tending to pull the nut off would
be resisted by all the convolutions in engagement and
not by one or two only. It is possible, however, for one
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to fit a nut and screw together without being able to tell

whether there is bearing of thread against thread

throughout. If the thread in the nut has a pitch a trifle

longer than that on the screw, the nut might seem to

have a proper fit when tried merely by screwing it on,

Fig. 29 A face plate for a small lathe

because of the contact of threads at the two ends. We
could, if the screw thread goes further inward, test the
matter of unequal pitch by trying to screw the nut in
further. If the resistance is strong stronger than when
we were simply putting the nut on-then we probablynave a ease of inequality in pitch.

However, there is a very simple instrument by meansot which we can determine whether the pitch of the screw
agrees with the standard required or not. This Is ashort strip of thin metal on one edge of which teeth
somewhat like those of a saw have been cut These are

&quot;mft S
eti ns f the grooves desired - &quot;heWhen held so as to fit into the valleys on top of
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a horizontally held screw, a very minute error in pitch

can be readily detected, especially if the light is back of

the device. The use of this tool is shown in Fig. 28. It

is understood that a good gauge of this type will enable

a beginner to detect a pitch error of only 0.005 inch.

These gauges are not to be confused with the ordinary

pitch-gauge used simply -to tell whether the screw has

12 or 13 threads to the inch or the like. Precision pitch

gauges are tested to a high degree of accuracy one con

cern, at least, claiming an accuracy of 0.0001 inch. They
are not so applicable to interior threads. But the gauge

may be applied to the tap, if one has been used to make

the interior thread. If the thread has been cut on the

lathe, then we may have to depend a good deal upon the

JAWS
COUD aOL-LCD STCCL-CASe HARDCM

pig, 30 Back rest made for a small lathe

fact that we used the same combination of gears for

screw and hole.

Many amateur mechanics have small lathes in their

workshops which are very limited in their application,

owing to the fact that they are not provided with many
of the attachments that are found on larger machines.
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The following paragraphs describe a few useful appli

ances that may be easily made and attached to the origi

nal small lathe and will increase its usefulness wnsid

erably.

The drawing, Fig. 29, shows a face plate which u

made up from cast iron. The slots are cut and the eontw

liole is left smaller than the diameter of tho none of the

spindle so it can be bored out later and threaded* Quar
ter-inch holes are then drilled and tapped as shown in

the sketch. It will be necessary to locate those holes

.systematically about the surface of the plate and the

more holes it contains the easier it will be to clamp odd

shaped work to it, as in boring, etc. The center hole of

the face plate must be drilled and threaded to lit the

lathe spindle and -this will, of course, depend upon the

size of the spindle on the lathe the plate is to be attached
to. The mechanic who* has a very small lathe will

find it quite impossible to do turning on the face plate*
with his own machine and will therefore find it neces

sary to take the work to a local shop which is equipped
with a screw-cutting lathe. &quot;While the face plate is

fastened on the same lathe on which it is being threaded,
the back hub must be faced off so it will run true with
the thread. It is best to turn the face plate off when
it is in position on the small lathe on which it is to Iw
used to make sure that it is running true. After tho
Tough turning is done, the face plate can be polished up
and finished.

^

Another useful attachment is the back rest, shown in
Fig. 30, and this is of very simple design. The standard
is made of cast iron and .the bottom, which fits in the
bed, can be either filed or milled. While it would be vary
practical to have the job done on a milling machine, if
the mechanic does not have access to such a machine ho
-can file the casting if a little patience and care is exer
cised. The jaws of the back rest are made of machinery
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steel and the slots can be cut in them by drilling holes

down the center. The superfluous metal can be filed out

to finish the slots. After this casting is finished, it is

advisable to have it case-hardened so it will resist wear.

When it is fastened to the bed of the lathe, the bolts on

the tee rest can be used. One side of -the head is cut

away and this keeps it from turning. A regular nut is

used for tightening it on the bottom. The screws for the

slots of the jaws are provided with a hexagonal head

STECL ..SPRING
DRIVING FIT SPRING STEXL

CAST ICON
AS NOTtD

DRILL PAD

Fig. 31 An easily made drill pad for a model maker s lathe

which permits the use of a wrench to tighten them. The
heads of the screws should also have a slot in them
so that a screw driver can be used for preliminary

tightening.

A small drill pad is illustrated which can be easily

made for the tail stock of the lathe and which will enable

the mechanic to do drilling operations on his machine.

The pad proper is made of cast iron and the workman
can easily make up a pattern of this and have it cast at

a local foundry, as the pattern can be turned out with

very little trouble on a small lathe. The casting is pro-
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vided -with a No. Morse Taper. After the shank is

fastened to the pad it is again put between centers and

the front of the pad is faced off and finished. This will

Insure an accurate hole when the pad is being used.

TThen the pad is completely finished, it may be well to

enamel the back of it, as this surface is not used.

Fig. 32 -Grinding disc made to attach to a small lathe spindle

The small plunger will be found very useful in pre
venting light pieces from turning when they are being
drilled. In case some large plate surface is being drilled,
the spring on the plunger will allow it to come back and
permit the work to lie flat on the pad. Care should be
taken to see that the work used against the plunger is
not too heavy, as this would force the spindle considera
bly, as the only thing that would keep it from turning is
a small screw.

A very convenient tool is shown in Fig. 33. This is
a lead hammer which is very useful in knocking work in
and out of the arbors. The nose of the hammer is very
soft and yet sufficiently heavy to give it the proper momentum. The handle of the device can be used as a ram
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In the head stock spindle to drive out the various attach

ments that fit in this member.
In constructing the tools outlined in the above para

graphs, the mechanic should experience no trouble in

obtaining the castings, as the patterns can be easily pro
duced In the workshop. The fiace-plate and drill pad
can be turned out on the lathe, and the back rest will

have to be built up.

The small grinding disc shown in Fig. 32 can be very

easily made and is an extremely useful tool when at

tached to the spindle of the small lathe, as many grind

ing and surfacing operations can then be performed
which, would otherwise be impossible. The disc is cast

by means of the same pattern that was used in the pro

ng, 33 A lead lathe hammer with a steel handle

duction of the face plate, previously described. No holes

are drilled in the plate, however, as its surface must be

machined and finished smooth. The hub is threaded to

fit the spindle of the lathe and a hexagonal nut is also

made to fit the spindle.

After the plate is made, it should be mounted on the

spindle and, with the lathe running at high speed, it
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should be given a good polishing with fine emery cloth.

The abrasive paper or cloth is held to its surface by
means of beeswax.

Pig. 34 General arrangement of the lathe and motor within the cabinet

^

In doing this, the grinding disc is set in motion at a
high speed and the beeswax is pressed to the surface.
liie heat of friction will canse the beeswax to melt and a
thin film of it wifl be deposited upon the polished sur-

BEflEINGS IN
WOOD PEDESTA

Tig. 35 Side view of the lathe cabinet



Lathe* and Lathe, Work 01

face of the disc. After this film is deposited, a disc*, of

abrasive paper is then, held tightly against the surface

while it is revolving.

For the model engineer who lives in a small flat, with

little available space for a workshop, the outfit described

in the following paragraphs will be of great interest. It

HANDLED

Fig. 38~-Sfc0wig tlie front of tfoe cabinet

is a description of a portable lathe cabinet that may be

kept in the living room when not in use, and when put

on the kitchen table, opened and connected to the electric

light socket, forms a compile motor-driven lathe equip

ment capable of wood turning, metal turning, polishing,

^rinding, drilling, and numerous other lathe operations*

The capacity of the lathe is small and the work that may
bo clone on it is somewhat limited, though sufficient for

model making.
The cabinet is made of cedar, % Ml thick, the boards

having boon secured by tearing apart an old cedar chest

that had been discarded. This made it possible to pro-
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vide an exterior shellac finish that presents a good a

pearance when the cabinet is closed. Iron strap }ung

are used for hinging the end, top, and front piece

Brass handles are provided at the ends to facihta

handling it, and incidentally, they add to the gener,

Fig. 37-Tlie lathe cabinet open, ready for work

appearance. Brass dowel pins are used to hold the end*

of the cabinet in perfect alignment with the top when ii

is closed. These are not shown on the drawing. Iror

brackets are used to stiffen the back. It will be found

desirable to provide four small rubber feet to prevent

marring the table upon which it is placed when in use.

The lathe used is a &quot;Goodell Pratt,
&quot; No. 29. It has

a swing of 5 inches and the extreme distance between
centers is 3% inches. The appliances used with it are

as follows :

Face plate. Saw arbor.

Drill chuck. Grinding wheel.

Three-jaw scroll chuck. Buffing wheel.

The cone pulley has two steps for a %-inch flat belt.

The speeds of the lathe spindle range from 1,800 to 2,700
RJP.M. The motor is a small one of the universal type.
This makes possible the use of alternating or direct cur
rent at 110 volts and develops % th H.P.
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The maximum speed of the motor is approximately
1,200 R.P.M. When first placed in the cabinet, the high
speed at which it operates caused it to be noisy and it

was found necessary to mount it on rubber to reduce
this noise.

Fig. 38 The cabinet closed and locked

The countershaft is % inches in diameter and has

ball-bearings mounted in wood pedestals. The ball-bear

ings are of a standard type and fit into counter-bored

holes in the pedestals. The hubs of the pulleys on the

Fig. 39 View of the open cabinet from the end

shaft fit against the ball-bearings, thus holding them in

place.
The pulleys are of standard manufacture, there being

a grooved pulley 4 inches in diameter which is connected



Model

to tlie 1-Inch motor pulley with a round leather b*H, and
two %-mch face pulleys \y% inches and l! inches in diaw-
eter from which the lathe spindle is driven.

The countershaft and motor an* monntrd on a wood
base which is bolted to the base hoard of the cabinet.

The bolt holes are slotted, thus making it possible* to j a k(&amp;gt;

Pig. 40 Showing tho driving motor

up slack in the lathe belt by moving (he countershaft and
the motor.

The rheostat is just behind the lathe whre ii ean be
reached conveniently by |,li&amp;lt;. operator. Near it is a snap
switch which controls tho entire current supply to the
motor. Either this or the rheostat, or both, may be used
as the operator wishes.

If the builder desires, he can arrange a small rack on
the back of the cabinet to hold various tools and attach-
meats for the lathe. If such a rack is made, it will bo
necessary to so design it that tho tools will be held in

place while the cabinet is being taken from place to
place.



CHAPTER III

DRILLS AND DRILLING

3VEarking work for drilling How to sharpen drills for various metals

Speed of drill for different work Description of twist drills and
names of parts Using the V-Block.

Drilling generally forms an essential operation in

&quot;the construction of anything the model engineer makes,
a,nd knowing how to drill accurately and properly is a

distinct asset that every amateur mechanic should avail

tdmself of.

In the following paragraphs will be found a short

tut practical treatise on the subject of drilling which has
&quot;been prepared for that class of readers who have never
liad the opportunity of becoming learned in general ma
chine shop practice.

Unless the holes are to be drilled promiscuously,

xneasuring and marking constitute the first operation in

drilling any object. As a means of illustrating, we will

assume that we have a brass plate 3 inches square and

% inch thick to be drilled with holes of various sizes.

&quot;With the exception of the method of sharpening the

drills, the drilling of a piece of brass is no different than

the drilling of any other metal.

The tools necessary for marking are a rule, a pair of

dividers, a center punch and a scribe. The scribe, which
is merely a sharp-pointed piece of steel used to scratch

marks on metallic surfaces, can be made from an old

round file ground down on a wheel. A center punch can

also be made in the same way. The rule is a steel one

of the machinists type and the dividers need not be

larger than four-inch.

65
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The brass plate is to be drilled as shown in Fig. {

The first operation will be that of finding the exact ce

ter, and this can easily be done by scratching two lin

as shown in Fig. 42. (Do not scratch the lines too deep^

as they will have to be papered off when the drilling

done.) At the point where the lines intersect, a -snu

indentation is made with the center punch, as this is t

exact center and all future measurements will be ma&amp;lt;

from this. We will now measure for the holes in ti

corners. As they are 1% inches from the center, \

will open the dividers to iy2 inches, and with one poi:

41
ff. 43Fig. 42

Fig. 41 How the plate is to he drilled

Fig. 42 Finding the exact center

Fig. 43 Locating the holes

in the center, scratch a small arc in each corner of tl

plate so it crosses the line we first drew. This is show
in Fig. 43. With the dividers open to % inch and tl

point in the center, two arcs are marked as shown f &amp;lt;

the two small holes which are to be % inch. from tli

center. At each point where the arcs intersect the tw
original lines, make a small indentation with the cente
punch.

&quot;\Yith the dividers open % inch, scratch a circle i

the center of the plate and within the circle draw anothe
one, about half the size of the first one. Also scratch
small circle at each corner and for the two small hole
just off the center. These circles are an aid in drillingand their use will be described later.
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Before describing the actual drilling of the brass

plate, a few lines will be devoted to the twist drill and

liow to use and sharpen it for different classes of work.

First, let it be known to every amateur mechanic that

It is absolutely impossible to drill accurately unless the

drill has been sharpened properly with mechanical ex

actness. In order to sharpen a drill in the proper way,
an elementary understanding of its working principles

is essential.

Fig. 44 shows an ordinary twist drill together with

the names of its various parts. It will be noted that

there is a pronounced clearance between the cutting

edge A and the back edge B. Both cutting edges of a

drill should be at exactly the same angle and the clear

ances on each side should also be as nearly equal as

it is possible to make them. In sharpening a drill,

the angle of the lip clearance must be left to the judg
ment of the mechanic, and care should be taken that it

is not too great, as this will cause the drill to bite too

greedily. Equally defective is a drill without enough
clearance between the cutting edge and the back edge,

as it will heat up excessively and also cause the flute

edges to wear rapidly, thereby throwing the drill out of

caliber. To those who are not experienced in grinding

drills, the writer would suggest studying the clearance

on new drills of various sizes. This will be found to be

very helpful. In grinding the small drills (Nos. 60 to

80), care need not be taken in rounding off the clearance,

as a flat clearance will suffice. Small drills should be

ground on wheels of fine grit.

If the clearance on each side of a drill is not equal,

it is impossible to drill accurately with it, as it will &quot;have

a tendency to revolve eccentrically, owing to unequal

pressure, and thereby produce a hole considerably larger

than the gauge of the drill.

&quot;When a drill is to be used for drilling brass or cast
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iron, it should not bo sharpened in the ordinary manner.

The lip of the drill should bo ground off as shown in l&amp;lt; i#.

47 Aside from the tulvsuilw ol mii\\\K faster, this

prevents the drill from worming its way just as it breaks

through at the end ol: the bore.

Assuming that tho drills arc. accurately and properly

sharpened for the drilling &amp;lt;&amp;gt; !&amp;gt;ss, w will now describe

Weh

rig. 4L4t A twist drill with the names of the various parte

the procedure in boring tho holes in th&amp;lt;^ hras plate. The

large center hole shall bo the firnt one drilled It would

be very bad practice to tart drilling this hol(% witli a

%-inch drill, as the web of such a drill i so broad that

it&quot; is a very difficult matter to accurately &quot;ctwtor&quot; it.

The only way to overcome, this disadvantage is to start

the hole with a drill of smaller gauge- ....... - ..... in this case* a
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%-inch drill will do nicely. It is at this point that the
circles scratched on the plate come into use. Place the

ys~inch drill in the chuck, start the press and bring the

Tig. 45 Showing the use of a &quot;V-Block&quot;

spindle down until the drill touches the center dot. Per
mit the drill to go just far enough to drill the dot off,

then raise the spindle, and, by means pf the small circle

scratched on the plate, see if the tiny indentation made



70 Model

is exactly in the center, using lln- circle a

is properly centered, drill just a filth- t

permit tins point of the drill (o go V&amp;lt;T\

surface) and follow out flic same operation
ner. When the Xo-inch hole in (In- center i

cautiously until the drill is centered accurately, and

a iviiidc. \( j

rlln-r (do mi

far In-low {J 1(

i-ach mi

rilled, y t

(c-V)

Fig. 46 Plate sliowlujf the ]O)H Ktnrt d alter thr n&amp;gt;r)vi m- f m .i.k

not bore right t!irou-h the plate without rai tn.- tin- -pin
die several times to se&amp;lt;&amp;gt; that tin- lrili j* in U,,. ,.\ a ,-t ,,-n
ter. Fig. 4(i will make this clear,

Those amatcnr ineclianics who haw tri-,J {, drill i
transverse hole in a pi,,,.,, , rul ,,,,, &amp;gt;s , lt)

.k knt)U wl|j(| a
difficult matfxM- it is to do it jurHr;it,.|.v. Tin : can ,,,ilv
be

accomplislHul, however, hy the n.sc f) f a V 1,1,,,-fc an.!
as these can be ;pnrehased for a IVw rcut.s, t|. m ,.,.|,a U i,

is urged to procure one. Their us,, is show in (!. pi,,,

tograph, Fig. 45. In the event the mechanic d,, ; ,n,; tu
make one.for himself, it ,. ,asi iy , M , ,,,. 0| , J(

.

and the srios of tin. groove are c tl ( at . ,, xnr ,Jy -I:, ,1 m-
Ihe rate of feed and speed for Wll! ,|f 1,.,,,,-f, drills

y W
f f

di &quot;m &quot; ( &quot; P of th &quot; (Il ii! &quot; &quot;- n

d 1 ,^ nf h m* drillwL As il^^ &amp;lt;

&quot;

dnUs ahou d be run at high speed and lar,,r ,,,,,-s ,,t
lower speed. An easy method ,,f obtaining th, appr
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mate speed is that of dividing 80, 110 and 180 by the

diameter of the drill, which gives the number of revolu

tions per minute for steel, cast iron and brass, respec

tively. In drilling wrought iron or steel, the drill should

be flooded with oil or cutting compound (soap and water

Pigi 47 HOW to grind a twist drill for drilling trass or cast iron

make a good substitute). Brass, copper and cast iron

should be drilled dry.

When grinding a drill, be careful not to &quot;burn&quot; it by

holding it on the wheel too long without dipping it in a

convenient receptacle of cold water. &quot;Burning&quot; a drill

means excessively heating it until it loses its hardness.
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SOFT AND HAKD SOLDERING

How to make soft solder adhere Soldering fluxes Preparation of metal
lic surfaces to receive solder Methods of holding work while soldor

is being applied Information on silver soldering Silver soldering
outfit Composition of silver solder Application of silver soldor.

Soldering, both hard and soft, is an important
operation with which the model engineer will have to

become very familiar. Both processes require extensive

practice to become proficient in, but this should not dis

courage the model maker, as it is quite possible to do
good work with a little practice, providing the directions
are followed carefully and the necessary precautions to
insure success are taken. It may be that the first two
or three jobs of silver soldering or brazing will not be
entirely successful, but after the model maker has made;
a few experiments along this line, no difficulty will be
experienced in doing good work, which, although it may
not be perfect, will serve its purpose.

Before treating the subject of hard soldering, a few
words wiU be devoted to the art of soft soldering. The
most important part of soft soldering is that of properly
preparing the surfaces to be soldered and holding them
rigidly in place while the solder is being applied. The
patience of a beginner in soldering is often exhausted
when the solder is applied to the surface and repeatedlyrolls off without adhering to the metal. Many unkind
words are very apt to be said about the various imple-

der I 7 ** f
*&amp;lt;***** * general, under tt ,

circumstances, but the workman may restsured that rt is no fault of the solder he
tunes out of ten, it is the method of

72



Soft and Hard Soldering 73

Before solder is applied to a metallic surface, the

surface should first be scraped perfectly clean with a

small tool that can be easily ground into shape from an

old file. Although the surface should be clean and

bright, it is not necessary to scrape excessively until a

noticeable depression is formed in the metal. The sur

faces should be scraped just before the worker is ready

Fig. 48 A simple alcohol torch, for soldering

to apply the solder, as long standing will produce a thin

film of oxide, to which solder does not readily adhere.

Once the surface is cleaned, it should not be touched with

the fingers, as this always leaves grease upon the sur

face no matter how clean the hands are kept. After the

scraping is done and the soldering copper is heated, the

flux should be applied. A good flux for soft soldering

can be prepared by dissolving small pieces of zinc HI
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hydrochloric acid. When this is done, a violent chemi
cal reaction takes place between the zinc and the acid,
which results in the formation of a solution of zinc
chloride. This is kept in a small glass bottle and applied
with a small bristle brush or wooden dauber. In making
this solution, the zinc should be added to the acid until
no more chemical action takes place.

With the surface prepared according to the foregoing
directions, and with the flux in place, the solder is ready

Charcoal Block

Fig. 49 A silver soldering outfit

to be applied. Solder in the form of a heavy wire is the
most convenient to use, especially for the beginner. The
copper should be brought in contact with the work and
the solder fed to the tip or point of the copper as fast

SP1 ^ ^ K ft melts at the ***** ** **
the copper, tins indicates that the copper fe far too hot,and this is a common mistake of many beginners. The

StTit hf,
be JUSt^ en Ugl1 f r th& solder

*&amp;gt; -elalter it has been HI contact with it for a short ,

After the solder has attached itself to the metafit may
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appear very uneven in places, and to remedy this the

hot copper is run lightly over the joint to even the de

pressions and projections. In heating the soldering cop

per, the tip or end should not he placed directly in con

tact with the flame, as this hums the tin off and renders

it more or less unsuitable for use. The upper part of

the copper may he exposed to the flame and the tip will

be heated by the thermal conductivity of the metal, which,,

by the way, is very high.

Although it is quite necessary to employ the ordinary-

soldering copper in many cases, the best and most effec

tive method is that of applying the heat directly to the

surfaces to be joined together. The heat may be sup

plied by an alcohol lamp, gasoline blow torch or a Bun-

seii burner. The flame used must be free from soot,

otherwise it will contaminate the surface and render it

impervious to solder. After the metal is heated in the

flame, the solder is applied by bringing it in contact

with the heated metal and holding it there until it melts

and runs into place. The joint should be given plenty

of time to cool before it is handled roughly. Many times

it is necessary to bind the pieces together that are to be

soldered with iron wire. This holds them rigidly in

place until after the solder has thoroughly cooled. In

employing the method of direct heating in inaccessible

corners, it is best to use a small alcohol burner such as

that shown in Fig. 48. This can be made with very little

trouble and serves its purpose well. It ^erely consists

of a small metal container with a cotton wick in it

^

at the

end of which the alcohol burns. A small metal tube is

soldered to the container so that the end of it comes di-

reSry over the wick. By blowing into the tube, the flame

can be greatly extended and directed to any part of the

work afhand. There is one precaution necessary m

Told ring by the direct application of heat: The two ob-

ectstThe soldered together must both be at the same
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temperature. If a small piece and a large piece of metal

are to be soldered together, the small piece is very apt

to become heated much more quickly than the larger

piece, and the piece that is heated to the greatest tem

perature will absorb most solder. This should be pre

vented as far as possible, and can be avoided in many
cases by heating the larger piece first.

In soldering certain objects, it is sometimes practi

cal to first wire them together so that they will hold the

position that they are to be soldered together in. Of

Pieces
Solder

.Silver

I Solder^
^

Boiler
Fig. 50 Bight: How the silver solder is laid on the &quot;boiler,

finished job

Left: A

course, the pieces should be so wired that the wire will
in no way interfere with the soldering. The wire should
not be removed until the work has cooled sufficiently,
otherwise the job is very apt to be spoiled.

^Many
times it is necessary to &quot;tin&quot; a piece of metal

before soldering it to another piece, and this operation
is very easily done by placing tiny pieces of solder about
the surface of the piece and then heating it in a flame
until the solder melts. By means of a wire brush or

stick, the molten solder should be spread over the
surface. A piece of metal so prepared may very easily
be soldered.

Good soldering-and soldering attended with the
least possible difficulties- depends largely upon the
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^
flux

&quot; or &amp;lt; &amp;lt;

paste
? &amp;gt;

employed. Many mechanics use their
favorite preparation, made according to their own for

mula, and others prefer the standard market articles, of
which there are many that can be recommended. Ordi
nary resin is best suited for electrical work, owing to the
fact that it will riot corrode the wire and produces a very
dependable connection from the electrical standpoint.
Many patented preparations on the market are also

J--3I

Pig. 51 Proper method of holding a soldering copper and solder

very suitable for electrical soldering. If resin is used, it

should be ground up into a very fine powder and sprin
kled on the surfaces to be soldered together. Owing to

the fact that resin is very soluble in alcohol, a solution

of It may be made and applied to the metal in this way
by means of a small brush. Immediately this prepara
tion is exposed to the atmosphere, the alcohol evaporates
and a very thin film of finely divided resin is deposited

upon the surface of the metal.
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The process of silver soldering is much more difficult

than that of soft soldering, and requires more patience

and experience to produce good work. The various tools

and materials nsed in the process of hard soldering or

silver soldering are shown in Fig. 49. The outfit, al

though not elaborate, will enable the model maker to do

very good work It is not the outfit that is so important,
but rather its intelligent use. The heat used in silver

soldering must be very intense and, for large pieces of

work, it is necessary to employ a big flame. The or

dinary gasolene blow torch produces a very good flame
for this work and it has sufficient heat to melt the solder.

The use of the various tools and materials illustrated

will now be explained. The acid pickle is made by mix
ing 1 part of sulphuric acid with 20 parts water- After
an object has been silver soldered and cooled sufficiently,
it is immersed in this pickle, which thoroughly cleans it

and removes all traces of the borax used. This -pickle is

also used when the work is dirty and greasy, as the solder
will not adhere to such a surface, and it is first necessary
to clean the metal in this solution. The charcoal Mock is
used to place the work upon while the soldering is being*
done. The object of this block is to return the heat to
the work and this helps greatly in making the operation
more rapid. In many cases, however, it is quite impos
sible to employ this block, even though its use would
greatly help the work. The borax is used as a soldering
flux just as resin is employed in ordinary soft soldering
The borax is moistened and rubbed on the slate, which
produces a paste of borax and water. This is paintedon the metal to be soldered at the point where the solder
ing is to be done. The use of the small scraper shown is
obvious The blowpipe is used on very small work where
an alcohol lamp is employed as the. source of heat

Silver solder consists of brazing spelter (brass) and
pure metallic silver mixed in varying proportions The
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percentage of the metals in the composition determines

the melting point, and this may be anywhere from 700F.
to 2000F. The higher the solder melts, the stronger
the joint it produces will be, and vice versa. For model
boiler work, a solder with a comparatively high melting

point should be used. There are other cases where a

mixture with a low melting point can be used to advan

tage. One thing must be kept in mind, however, and
tMs is the necessity of using a solder that is not too close

Fig. 52 The end of a boiler wired in place ready for silver soldering

to the melting point of the metals that it is to be used

upon. A good solder to use in connection with copper
consists of two parts silver to one part of brass in the

form of brazing spelter. A good mixture for work with

brass consists of seven parts of silver to two parts of

brazing spelter. Silver solder in sheet form can gen

erally be purchased from large jewelers
?

supply houses.

The mechanic can melt up his own ingredients and roll

it out into a sheet if he desires. This is the most suitable
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form to use it in, as it does not require such a #reat length

of time to melt.

Assuming that the end of a small boiler is to bo silver

soldered into place, the process will be briefly outlined

so the mechanic can obtain an understanding of just;

how to proceed. If the metal to be worked upon is very

dirty, it will first be necessary to immerse it in the acid

pickle to completely remove all Foreign mailer from its

surface. It may also be necessary to scrape the surface

with the smaller tool made for that purpose from an old

file. The end piece is then put in place and held there

by means of iron wire. A little of the borax is then pre

pared and that portion, of the metal which is to receive

the solder on the inside is covered with a thin film of it

by applying it with the brush. Small squares of the

silver solder are then cut with tinner s snips and laid in

places about the bottom of the boiler as near the con

tacting surfaces as possible. The boiler is then placed

upon the charcoal block and heated. The heat is not

applied directly to that part to be soldered at first, as

this would cause the water in the borax to boil and

would be apt to dislodge the small squares of solder that

were put in place. Instead, the heat is first; applied to

the top of the work, and the bottom will become gradu

ally heated by conduction. After the borax has become

sufficiently dried, the flame may 1m applied directly to

the work and held there until the solder melts and runs

into place. If the end of the boiler was to bo soldered

in place from the outside, the solder would be put in

place as shown. If a gasoline torch is used to heat the

work, it should not be brought too close, as tin* full heat

of the flame will not be utilised if this is done. On the

other hand, if the flame is held too far away, (lie soot

will be deposited upon the metal and it will then bo

necessary to again clean and prepare the surface. After
the solder has melted, the flame should be held cm the
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work for a, few minutes, as this lends to produce a

stronger joint. The work is allowed to cool and it is

then placed in the pickle and permitted to remain there

at least five minutes, after which it is removed and rinsed

in, clean water, in some cases, the; part, to ho silver

soldered may he quite inaccessible, and a small steel rod,

with the end split, may he employed to hold (he solder

if it is in the form of a sheet. The work can then he

heated to the proper temperature and the solder held

in place by means of the rod until it- melts and runs.

A & ood silver solder for model work on thin brass

sheet can bo made by mixing twelve parls of silver and

one part of hrass together. This has a comparatively
low melting point and is called

&quot;quick&quot;
for this reason.

Another mixture which is very (jj;ood for ordinary work

consists of six parts silver to one part spelter or hrass.

This has a, much higher melting point than that described

previously, but it is much more suitable for some work.

In mixing those solders, the mechanic should use care

to sees that, the metals employed are very clean before

they are melted together, and it is always safe to clean

thorn with emery cloth before doiim; this.



CHAPTEE V

HARDENING AND TEMPERING STEEL

Simple experiments in the tempering of steel Proper temperature for

tempering to various degrees of hardness Case hardening Carbona

ceous material employed Proper heating Notes on case hardening
furnaces.

In model building and experimental work it often

becomes necessary to harden a piece of steel and temper
it to a definite degree of hardness or soften a hard piece
such as a spring so it can be drilled or machined and a

few simple experiments in heat treatment of steel are
sufficient to enable one to obtain the desired results.

Secure a piece of spring steel wire about %2 inch in
diameter and 3 feet long. Heat about 2 feet of it to a
dark red color and allow it to cool slowly in the air.

This will anneal the wire so it can be hammered easily.
Hammer it flat to a thickness of about %2 inch and smooth
the surfaces by grinding or filing. Heat the flattened
end of the wire to a light yellow color and let the red
color extend about 3 inches from the end, allowing a
gradual change in color from the end to this point. Cool
the wire quickly by dipping it suddenly (endwise) into
water as soon as the desired color has appeared.

&quot;With a pair of pliers or vise, break off about % inch
of the end of the hardened piece and notice the grain of
the fracture. Break a second piece and compare it with
the first, then a third, etc., till the wire bends without
breaking, comparing each fracture with the previous
ones. You will notice that the part of the metal which
was the hottest is always the most brittle and breaks
easier than the part which was colder. At some point

82
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between these two extremes there is a fracture which, is

of fine grain and has a silky appearance. That part of

the metal which shows the finest silky grain and is too

hard to be filed was heated to the proper temperature.

Repeat the operation, this time trying to heat about

5 inches of the piece to the proper temperature, which is

somewhere near 1450F., depending on the quality of

the steel. This time test the texture of the grain as before

and determine whether the proper temperature was main

tained to produce the finest grain and hard metal. &quot;When

the proper hardening heat has been determined and the

Pig. 53 A small piece of pipe used as an annealing oven

piece hardened properly, tempering is next in order-

that is, reducing the hard brittle metal to a tough pliable

state suitable for a spring, punch cutting tool, or what

ever is desired.

Bemove the scale or oxide by grinding or polishing

the hardened part of the wire with a piece of emery

cloth, soft brick or an emery wheel. Heat slowly about

2 inches of the end and notice the oxide colors as they

appear on the surface. As the temperato increases,

the first noticeable change will be from^ original pol

ished gray to a light yellow, then a straw, brown, purple,

MIIP etc till the piece becomes very sott again.
&quot; We Latmgfmove the piece about to ft. ta

to draw the end to a gray Hue and abort 3 or 4 inches
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from the end to a light yellow. Between these points

the entire color scale will appear and indicate to what

degree the particular part was last heated. If the piece
was hardened properly, the color on the surface indicates

the degree of hardness. With a pair of pliers, break and
examine the pieces as before. In this case it will be
noticed that the part which was heated the hottest is the
softest and that the part which has turned to a blue gray
will bend easily before breaking. By studying the colors,
their corresponding temperatures which are given below
and the physical qualities of the steel, any desired degree
of hardness may be obtained with comparative ease.

Faint yellow . . 430F. Dark brown . . . 510F.
Straw ........ 450F. Purple ....... 530F.
Dark straw . . . 470F. Blue ......... 560F.
Bnmn ....... 490F. Gray blue ..... 610 F.

Case hardening or cementation is the process of pro
ducing an exterior layer or skin of hardened steel on an
article of iron or low carbon steel. This is one of tho
most useful procedures in metal work, when properly
carried out. It enables us to create a hard wearing sur-
tace upon material itself incapable of being hardened.
tte

get_a comparatively soft and tough interior com
bined with a hard exterior.

There are several processes, but the same general
purpose of impregnating the outside with a high per-

-

- Proeesses di^r in
ct to the way it 1S sought to attain this object. The

articles may be heated in an atmosphere of some suitable

torb d tvT r1?^ 6nCragl1 Carb n has been ^
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temperature until sufficient carbon from the l&amp;gt;one lisis

penetrated into the work. This is the method in Mineral

use for high-class work, and is recommended to Ihe

ineclianic.

It IK not necessary to havo (vlabora,te apparatus. 1 u&amp;lt;-

principal things needed are (1 ) i\w packing case of metal,

(2) the packing material, and (I!) a means of heating the

case, when packed, to the proper temperature and hold-

Pig. r4~Staapl0 matJaod of caw hardening a small gear wheel, uilng *

Mow torch

ing it there for a considerable periodI to .10 hours or

longer, depending; upon the result wanted.

After the impregnation with carbon, what wo have IB

a skin or exterior layer ol; high carbon nteel It remain*

to harden and, if desired, to temper thin skin. If the

work is of high grade and there IB a dowro to have* the

very boat results, then with steel work it will often ho

necessary to handle the hardening
1 in Bue.h a way as to

provide for annealing tluumtorior metal. The reamm for

this is that the high leinpuratura at which tlie
work-in

impr&amp;lt;jgnat(.&amp;lt;l
with carbon may havo dainnKed the quality

of the steel The aniumlinK i to restore the quality. II

naturally precedes the hardening.

The case or box IIBCM! way be made of east Boft ttn?l
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or of sheet steel. A proper way to make the box of sh&amp;lt;

steel is with the aid of the oxy-aeetylene welding proce
The box may be of almost any size convenient to hanc

and heat. It must be large enough, since the pack!
material should be used generously around the articL

For a box 12 x 14 x 24 inches in size, a thickness of she&amp;lt;

*ing of 0.4 to 0.6 inch is proper. A box such as describ

should last through perhaps 12 or 15 occasions of its ii

&quot;What disintegrates the boxes is not so much wear a]

tear as the action of the atmosphere on the highly heat&amp;lt;

metal. It may be well to state that it is advisable
make the boxes small rather than large. We must n

forget the considerable amount of packing material.

small box Trill naturally get heated up more quickly tli

a big one and will be more likely to have the same ter

peratnre all the way through. The box should be mac
with a lid and the two should be so designed that tl

edges overlap.

In charging a box with the work, it is proper first 1

coat the inside bottom with a paste made by mixing cla

and water. This coat should be allowed to dry tho:

oughly before going on. After the drying is complet-
we put in a layer of the packing material. This laye
should be, say, iy2 inches thick. This packing materii
should be in the condition of a fine powder and shoul
be very dry. The first layer of the articles is put in placeWe are careful not to put one against another, but t

allow at least 1% inches between them. We then pae
in the carbonaceous material. Care should be taken t
fill in crevices and cavities and other irregularities of th
work We then put on a layer over the work, making
this layer, say, 1 inch thick, if more work is to be put in
and iy2 inches thick, if no more work is to go in L
case the box is not full when we have put in V/2 inchei
of packing material over the top layer of work, then w&amp;lt;

fill m packing material clear on up to the top. The covei
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is now put on, fire-clay made pasty with water being
used to seal the joints between lid and box.

We are now ready to put the box into the furnace.
We put it near the door in order to give the moisture
in the fire-clay paste, and any other moisture that may
be in the packing material, time to evaporate. After
the moisture has evaporated, the box is placed in the

hottest part of the furnace.

Almost any kind of a furnace will answer, if it can
be made hot enough and provided the temperature in the

region where the box is can be managed so that there will

be only very small differences at different points. This

latter requirement is a very important one. A good gas
furnace is, however, easily able to meet it. It is consid

ered undesirable that in the working part of the furnace

the temperature at one point should differ by more than

50F. or 60F. from that at any other point. If improp

erly heated, the work may, accordingly, come out of the

box in various conditions. Or, if the box is used to hold

one large article, then one part of the article may have

received more carbon than another.

j^. proper temperature to use in case-hardening is

1740 F. This is a light orange color verging to a yellow.

Case-hardening may be done at a lower temperature as

low, it seems, as a light red, under favorable circum

stances. It should be remembered that it is not simply

the box that has to acquire the temperature but the work

itself
;
and that a sufficient time must be allowed to get

the depth of impregnation desired.

One of the simplest materials is that made according

to the following formula :

Wood-charcoal 9 parts

Common salt
* 1 part

In using this mixture, it may be necessary to go to high

temperatures to get results in a reasonable time. Tern-
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peratures up to light yellow may be used. Another mix
ture, claimed in authoritative quarters as better, is the

following :

Powdered wood-charcoal 6 parts
Barium carbonate 4 parts

&quot;With this mixture, a mild tool steel coating, very thin,
is obtainable at an orange heat or higher; and a high-
carbon tool steel coating, %2 inch or thicker, at high tem
peratures near light yellow. An advantage of this mix
ture is that it may have its activity restored after it has
suffered from use, the simple means of restoration being
exposure of the material in a thin layer to the influence,
of the air.

There are many substances used for packing material
for example, wood-charcoal, leather, bone, common

salt, sodium carbonate, saltpetre, resin, sawdust, soot,
etc. These are used in various combinations.

Case hardening to a very smaU depth may be accom
plished by putting the cold, or moderately heated, article
into a bath of potassium cyanide. The bath should bo
heated, say, to a bright cherry red prior to the immersion
of the work The article may be hung by a fine iron wire
and allowed to remain until it acquires the temperatureof the bath. This will, in some ordinary cases, requireabout a quarter of an hour or a little longer. It is neces
sary to point out that cyanide of potassium is a very
deadly poison and that even the fumes from it are poisonous. The east iron pot or other crucible holding it should
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THE USE OF ABRASIVES

Abrasive equipment for the model engineer s workshop Grinding and

polishing Grinding attachments for small grinding head Bonds

used in making abrasive wheels How to choose a wheel for certain

work Precautions to be taken in mounting wheels.

There are many instances, in certain work, where tlie

short-ciit lies in grinding, and owing to the scarcity of

published data on this very important subject many re

main ignorant of the great utility of simple abrasive

materials and equipment in their application to me

chanics.

Every workshop should contain a small grinding and

polishing head. The one shown in Fig. 55 is a very good

machine for the work generally required in the small

shop, as it can be used for grinding, polishing and bnffing.

The machine should be belted to a %-H.P. motor of suffi

cient speed. In the event the mechanic is unable to pro

cure such a motor and has a small bench grinder, the

arrangement shown in Fig. 60 may prove to be of interest

to him. The clamping disc of the bench grinder is re

placed by a wooden pulley with a groove large enough to

accommodate a sewing machine belt. The polishing head

is placed close enough to the bench grinder so that one

may work conveniently at the former while driving it

by means of the bench grinder. If a motor is used, a

rheostat would make a very valuable addition to the out

fit, as a variation of speed is desirable for different

classes of work.

The grinding head should be provided with an assort

ment of wheels of various shapes, sizes and grits, as every

wheel should be adapted to the particular kind of work

89
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it is to be used for. A wheel 3 inches in diameter by

1/2 inch thick is a very good size for general work -when

used with the small polishing head shown in the picture.

As such wheels can be purchased for about 40 cents each,

it is advisable to have four or five on hand of various

Pig. 55 A grinding outfit for the model engineer s workshop

grits; from very fine grit to coarse grit. Several round
edge wheels of varying thickness should also be on hand,
as there are many different jobs and operations where
such wheels can be employed with great convenience, as
in the cutting of grooves, etc. For very fine and accurate
work, small wheels of fine grit should be employed. Such
wheels are commonly known as jewelers wheels, and ow
ing to the difficulty of procuring them with an arbor large
enough for use on a half-inch spindle, the little &quot;kink&quot;

shown in Fig. 56 may be used. The wheel is clamped
between two washers by means of a 10-24 machine screw
and nut. The protruding end of the machine screw is
then placed in the chuck of the polishing head. As these
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wheels can be purchased for 10 cents apiece, it is advis

able to have an assortment on hand.

Owing to the inability of the small grinding head to

stand up under heavy work, a spindle equipped with a

larger wheel should also be included in the abrasive

equipment of the shop. A small bench grinder is capable

of accomplishing quite heavy work and, in many cases,

is sufficient for the small shop. The design and con

struction of a small, heavy-duty grinding head also pre-

Pig 56-How a jeweler s wheel can to used in the chuck of a small

grinding head

seuts a nice job lor the yomg mechanic whois desirous

viding the proper precautions
are taken and the most

practical methods used.



92 Model Engineering

Two felt wheels 3 inches in diameter by 1% inehe

wide should be obtained from a polisher s supply hons&amp;lt;

These can be attached to the tapered end of the polishin

head, care being taken that they run true. The peripher

Pig. 57 Drawing of a grinding disc for use with a small grinding hea

of each wheel is then sized with a thin coating of hot car

penters glue and rolled in carborundum or emery pow
der. The wheels are then put away to dry. One whee
should be prepared with a very fine abrasive powder anc

Fig. 5&-A cylindrical grinding attachment made from wood The
abrasive paper or cloth is held to its surface as shown

the other with a more coarse powder. &quot;When it is neces
sary, the wheel with the coarse powder can be used to
produce a preliminary polish and the other wheel can
be used to put the final polish on the work. If carbo
rundum grains are used, the work should be held very
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lightly against the wheel, as these particles are extremely
sharp and cut very easily. Emery is less abrasive in its

nature, and it is necessary to bear more heavily on the
wheel.

An accessory for nse in polishing small flat surfaces is
shown in Fig. 57. This is a brass disc 3y2 inches in diam
eter and ys inch thick, provided with aVie-inch stud or
shaft in the center, which is held in the chuck on the
sp indie

^

of the polishing head. The abrasive paper or
cloth discs used on the surface may be cut from the
standard sheets obtainable at any hardware store. The
disc is fixed to the surface of the brass by means of hot
beeswax. This is a very handy little contrivance, espe
cially in polishing small instrument parts.

Another accessory easy to construct and very useful
is shown in the drawing. This is a small wooden form
or wheel turned out on a lathe with the dimensions as
shown. A slot is cut across its face with a hack saw to a

depth of 3
/2 inch. A piece of abrasive cloth of any desired

grit is cut to a length just exceeding the circumference
of the form and the overlapping ends are bent at right

angles and forced down in the slot. This holds the cloth

to the surface of the wheel.

A very convenient little contrivance is shown in Fig.
59. This can be used for polishing small flat surfaces

quickly. As will be seen from the photograph, it is merely
a board equipped with a clamp at each end. The ends

of the abrasive paper or cloth are placed under the clamps
and held tightly by screwing down the winged nuts. To

polish small, flat objects it is only necessary to lay them
on the abrasive cloth and rub them briskly over its sur

face with an oscillating motion. Aside from a quick and

convenient means of producing a polish, it is also useful

in getting work down to exact size, as rapidly revolving

abrasive surfaces generally cut too fast for extreme ac

curacy by hand. The board is made wide enough to
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accommodate two strips of abrasive cloth each 4% inches

wide by 11 inches long, which is just half of a standard

9 x 11 sheet. One strip should be of a very fine grit and

the other should be of a coarse grit.

It is advisable to have both a coarse and a fine grit

stone in the shop. In place of these, the writer would

Pig. 59 A lap board which is very convenient for polishing and grinding
flat surfaces

recommend the use of a combination stone which is com
posed of two stones (coarse and fine) cemented together.
Such a stone is both convenient and economical, as it can
be purchased at the price of a single plain stone and
thereby saves the expense of an extra one. The tool is

first edged on the coarse side and the fine side is then
used to further remove the imperfections of the previous
operation. &quot;Water or oil may be used to lubricate the
stone. Some mechanics prefer one and some the other.
It is optional which is used. If it is desired to produce
an especially keen and delicate edge, the surface of the
stone should be tempered with wax or vaseline. These
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substances fill the pores and interstices of the surface
and regulate the sharpening process.
A small hand stone should also be in every mechanic s

tool kit This will be found very useful in sharpening
small drills, reamer edges, compass points, etc.

&

The following words on the technique of the grindin-
wheel should prove to be of interest to the average me*
chanic, as the information given will help him to choose
&quot;the right wheel for the right place/ as one big manu
facturer puts it.

Grinding wheels should be adapted to the particular
kind of work they are to be used for. Shape, grade, grit

Fig. 60 Driving a grinding head with a hand grinder

and bond should be considered when choosing a wheel

for, a certain class of work. The importance of this is

obvious to the careful mechanic.

Grit The grit of a wheel is determined by the size

of the abrasive particles that compose it. Coarse grit

wheels are composed of large particles and the finer
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wheels of smaller particles. The grit is determined by the
number of meshes to the linear inch of a sieve that the

particles composing the wheel will pass through. These
numbers generally run from 12 .to 150. Low numbers
indicate the coarse wheels, and high numbers the finer

grit wheels. Where large, heavy cuts are to be -made,
wheels of a coarse grit should be used. In more delicate

operations where great accuracy is sought, wheels of a
finer grit should be used.

Bond The bond of a wheel is the substance used to
hold the abrasive particles together. The nature of the
bond as well as the regulation of the mixing and baking
process determines the degree of hardness of a wheel. The
bond of a wheel is very important and should always be
considered. The degree of hardness or the bond of a
wheel determines how rapidly the particles composing it
will break away from their settings. If they break away
from their settings rapidly, the diameter of the wheel
is reduced correspondingly fast, and the wheel is said to
be &quot;soft.&quot; Such a wheel will cut fast and freely if its
surface velocity is sufficiently rapid, as new and sharp
abrasive particles are continually exposed owing to the
old ones breaking off easily. There are many classes of
work where such a wheel is necessary, and there are also
many operations where it could not be used at all If a
wheel is

-hard,&quot; its particles do not leave the bond so
easily, and therefore its diameter will not be reduced so

Zrff . r^f lf Snch a Vheel is run to slow^ odmade to take a heavy cut, it will
&quot;glaze&quot; badly. This

is caused by the abrasive particles losing their cuttingpower by wear before they are able to break away fromtheir setting owing to the hardness of the bond Theare cases where the employment of such a wheel s neccs
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madLe the entire length of the shaft. If the wheel used
is Hot liard enough, it will reduce in diameter in making
the oiott and inaccuracy will result, as one end of the shaft

will
~fc&amp;gt;o larger than the other,

-A- list of the common bonds used in abrasive wheels
Iollo ws, together with the special class of work each bond
itf ixxost adaptable to.

Vitrified The bond of such a wheel is generally a

clay. Vitrified wheels are used for cylindrical

Fig*- B3_ The grinding disc shown in Fig. 57 attached to a grinding head

and cutter grinding as well as for general machine shop
work.

Silicate The bond is silicate of soda, and such wheels

find &quot;wide use in all shop work. %

Elastic The bond is pure shellac, and as.it produces
a -vsrlxeel that is not brittle, it is generally used in making

veary thin wheels (as thin as %e inch). Such wheels are

used for saw gumming, grinding reamers, cutters and
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arbors. Tliey are also used in cutting off small stock

such as steel tubing, etc.

Rubber Wheels The bond consists of rubber and sul

phur. Although rubber wheels do not find wide use, there

is special work where they are required, as they are not

brittle and may be run at high surface velocity. Rubber
wheels are also capable of withstanding great lateral

pressure.

It must be understood that the wheels of each bond
are made in several different grades in varying degrees
of hardness. The amount of metal to be removed, the

physical nature of the metal being worked upon, and the
desired condition of the finished surfaces are the three

governing factors that should be considered in choosing
a wheel.

After considerable use, the profile of a grinding wheel
becomes irregular and is restored by a process called

dressing. This is very important, as it is impossible to

accomplish accurate wbrk on a wheel with an irregular
profile or grinding surface. There are various types of
wheel dressers on the market, each with its merits and
disadvantages. They generally consist of a set of small
steel wheels which revolve rapidly in a suitable holder,
when they are placed against the face of the grinding
wheel to be dressed. Such wheel dressers are very well
for large grinding wheels, but they will be found unsuit
able for use on small wheels such as used in the homo
shop For dressing such wheels, a piece of an old broken
wheel can be held to the edge of the wheel to be dressed,and if a little care is used very good results can be ob
tained in bringing a true surface to the wheel This
process is also a good remedy for a -glazed- wheelA still more satisfactory stunt is to revolve the grinder

Mowing words are mteaded for those
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who have large, power-driven grinder heads
111 &quot;a* workshops:

wheels sometimes burst without any warn-

txicl many men have been instantly killed by being
-with a flying piece. This is generally caused by

j
and with a little precaution many serious

could be prevented. &quot;Wheels should fit freely
on tlie spindle and should never be forced on. The rea-
S()I * for this is as follows: If a lead-bushed wheel fits

t&amp;lt;&amp;gt;&amp;lt;&amp;gt; Biixigly on the spindle and the bearing of the grinding
&quot;becomes too hot, the heat will be communicated to

bushing, and as the lead has quite a high coeffi-

of cubical expansion it will bring a considerable

to bear upon the arbor of the wheel and in many
&quot;burst it. The wheel should fit the shaft or spindle

sufficient freedom to permit this possible expansion
of tlie lead bushing. Wheels should also be sounded
carofTilly before being mounted and the flanges should

JKrvoi? pinch the wheel too tightly. Wheels should never
be x-xuti above the rated surface velocity.



CHAPTER VII

PATTERN MAKING

General foundry practice How moulds are made Various kinds of pat
terns Making patterns Cores and core boxes Parted patterns and
how to make them Finishing patterns.

Pattern making is an extensive trade, and a man could

well spend a lifetime learning its various sides
;
the begin

ner, therefore, should not attempt the building of large
or complicated pieces without the help and advice of a

practical man, but by keeping constantly in mind the

elementary operations in the moulding and drawing of

ordinary patterns he should be able to turn out satisfac

tory work, and not suffer the humiliation of hearing it

pronounced faulty by the foundrymen.
In this treatise no attempt will be made to describe to

any length the tools of the trade and the mode of using
them. Ordinary carpenters tools will answer the pur
pose for the amateur, and it is assumed that he is reason

ably familiar with their use. Many patterns do not re

quire the use of a lathe in making them, but for those
that do, even though not expert in the use of turning tools,
the operator will usually be able to

&quot;

scrape
&quot;

to shape
and sandpaper his work so that it appears presentable.
Screws, nails and brads of various lengths and sizes
should be at hand, and glue and shellac must be provided.
Generally but a small quantity of glue is required, in
which ease the ready-made liquid glue will prove more
satisfactory than the solid kind, which has to be heated
in water and melted. Several sizes of wooden screw
clamps would be helpful in holding the parts together
after gluing. Shellac is used for the finishing of pat-

100
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terns. Either the white or orange may be bought pre

pared Several coats are i&amp;gt; enerally required, as the pre

liminary ones raise the grain &amp;lt;&amp;gt;] the wood and roughen the

surfaces reqninnt*; the application ol: fine sandpaper after

cadi* coat. ; the finished surface must be smooth, in order

that the* pattern may Ix easily &quot;drawn&quot; from the mould.

&quot;Here a caution slumhl be inserted regarding the use of

sandpaper; the article must be brought as nearly as pos

sible to its final form and finish without the use of this

Fir. m A r1 *&quot;
G2B

Pig. G2A A pattern on a moulding &quot;board

Tig* 62B- A two-piece pattern

abrasive, and groat cure nhould b&amp;lt;&amp;gt; taken not to curve

rapIKwedly flat su.-! a&amp;lt;- s or to round supposedly square

corners through employing an excess of zeal in its ap

plication. , ,

Almost any fairly soft, evenly grained wood capable

of taking a good finish, and which will not warp or swell

to an undue extent through coming in contact with damp

sand in the mould may be used for this work. Cherry

and mahogany, WIUHW of thoir freedom from warping,
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shrinking and swelling, and because of the line finish they
are capable of taking, are considered about the best for

regular commercial patterns, but they are rather expen
sive, and cheaper lumber, such as white pine or redwood,
will answer the purposes of the amateur just as well.

In order to go about this work intelligently, it is essen
tial to understand clearly the series of operations by

Figv 63A
Fig. 63B

Fig. 63A-(Lower). A pattern partly covered with sand

Sg
f^T(Lower) - DraS completely filled and smoothed

rig. 63C-(Al&amp;gt;ove). Cop,, in position filled with sand

which a easting is produced at the foundry, and the
reader s attention is called to the series of photographs
representing the process of making a sand mould froma ample one-piece pattern, that of a face plate to be used



Pattern Making 103

&quot;cope,&quot; and the lower is known as the
&quot;drag.&quot; A

moulding board/ which for our purpose may be con
sidered a duplicate of the &quot;bottom board,&quot; is also pro
vided. In the photographs the &quot;flask&quot; is represented by
two wooden frames resting upon a bottom board. A
regular flask, however, would be larger than this and
of more complicated construction, being provided with
guide pins between cope and drag, so that they will always
fit together properly, cope &quot;bars,&quot; handles, etc., and they
are often built of iron. For the purpose of simplification
all such details are omitted from the pictures. Sections

Fig. 64 (Above). Pattern exposed and piece moulded in place

Tig. 65 (Below). Pattern withdrawn and two-piece pattern held together

with dowel pins

called
&quot; cheek pieces are sometimes introduced between

cope and drag for producing complicated castings and a

number of pieces are usually moulded in one flask, which

is partitioned off for the purpose. While the procedure
that follows may not always be adhered to in regular

foundry practice, the beginner by so constructing his pat-
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terns that they can be moulded by such a series of opera

tions is assured of good results.

Our face plate pattern will first be placed upon the

&quot;moulding board/
5
flat side down, as in Fig. 62A, then

the drag, shown, on end, behind the moulding board, is

placed over it as in Fig. 63A, and filled with moulding*

sand which is &quot;rammed&quot; down and smoothed off evcvii

with top of drag. Fig. 63A shows the pattern partly

covered -with sand, and Fig. 63B represents the.

drag completely filled and smoothed off, the pattern bo-

ing at the bottom out of sight. Next, the bottom board

r /2

..... ;&quot;_..... ...._
;

B^BMfl &amp;gt;*
&amp;gt; *^^^^^^^

:
.

j

Fiff, 66A Fig-. 66B

Fig. 66A ^Pattern in place on &quot;board

Fig. 66B Typical parted pattern with horizontal core print

is placed upon the top of the drag for the moment, and
the whole is turned over, the removal of the moulding
board exposing to view the side of the pattern which
rested upon it, as shown in Fig. 64. Now the cope is

placed upon the drag, the pattern still being in place,
filled with sand and rammed, and lifted off again. A
&quot;sprue pin,&quot; whose purpose is to form an opening
through which the molten metal may be poured into the
mould, is set into the cope previously to filling in the sand,
but this has been omitted from the pictures. Fig. 63C
shows the cope in position, filled with sand.

^

The cope having been filled and lifted off, the pattern
is removed by driving in a &quot;draw

pin&quot; and &quot;-rapping&quot;
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to loosen it from the sand. Sometimes considerable rap
ping is necessary, and it is important to remember that

a pattern should be as strongly constructed as possible
in order to ivithstand this treatment.

Fig. 65 shows the appearance of the mould after

withdrawing the pattern., A
&quot;gate&quot; or channel is cut

through the sand from under the sprue pin opening to the

mould, vents for the escape of air are provided, and then

the cope is replaced and all is ready for pouring. As
suming that the reader has these fundamental operations

Fig. 67A Fig. 67B

Fig. 67A Pattern drawn from sand

Fig. 67B Parted pattern with core print

clearly in mind, we will now take up the question of

&quot;draft.&quot;

&quot;

Draft&quot; refers to the tapering of the sides of a pat

tern so that it may be easily &quot;drawn&quot; from the mould

without breaking out the sand, In Fig. 70A-is shown

a section of a plain flange pattern in position upon the

moulding board ready to be covered with sand. The

sides of the pattern are tapered off in order to facilitate

its being &quot;drawn,&quot;
as shown in Fig- 70B. It will be

seen that if the sides were tapered in the opposite direc

tions the pattern could not be withdrawn without pulling
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the sand up with it and spoiling the mould, and that if
the sides were made perpendicular difficulty would also
be experienced. Note that this pattern is made with a
hole in the center, and that the sides of the hole arc so

tapered that upon drawing, a column of sand will be l&amp;lt;vj. {:

Fig. 68~~TypicaI one-piece patterns

or

j- side

from the
must

to the
&quot; m other

Sand in

nom,t of draft is
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but the- amateur could well provide a greater amount, at

least enough to make the taper easily discernible to the

eye, for this would mean less work for the moulder and

better eastings. He should always keep in mind the idea

of the moulding board, as illustrated in Fig. 62A, and

the drawing of the pattern as shown in Fig. 66, and

before beginning to make a pattern of any kind should

always ask himself : &quot;How will it be moulded? How will

it be drawn? Are there any parts which will not draw

without ruining the mould? &quot;

Upon deciding the direc

tion in which it will be drawn, he will then be able to

determine which sides should be given draft and its cor-

. 69 A few parted patterns

rect inclination. Imagine the pattern to be placed on the

moulding board as in Fig. 62 ;
then the direction of draw

ing, in the present position, would be downward; there

fore, all outer sides of the pattern should slope upward

and inward and the inner sides, as the sides of the hole

in flange in Fig. 70B, should incline upward and out-
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ward. This, of course, includes curved as Avell as straight
surfaces.

Keeping these facts in mind, there should 1)0 .no diffi

culty encountered in constructing one-piece patterns hav
ing one side flat to allow for placing upon the moulding
board. It is not necessary, however, that the flat side
be made smooth, that is, having no openings or rweswos.
Fig. 71 represents a pulley pattern set upon the moulding

^&quot;~l^~^~
r

: .!-

&quot;

:
&quot;

::
-.-:-

r^; &quot;-;

: f

Pig. 70A Hanged pattern showing draft

Fig. 70B-Pattern removed, showing core left iin sand mould

board. The bottom is recessed and a lower 1mb is formed
g than the pulley rim i

draft i

* place and filled and
n the Upper side Imt will
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this projecting part of the sand will extend down into

the mould in the drag, thus forming a recessed casting
of the same shape as the pattern. Many other patterns
fall under this class, such as the base plate of Fig. 72,

&quot;witli its recessed under side and interior bosses and webs.

TMs pattern is also shown at B, in Fig. 68, and beside it

is shown a bottom view of a similar one (A, Fig. 68).

Care should always be taken not to build a pattern
which cannot be drawn, such as the pulley of Fig. 73,

which is identical with the one of Fig. 67, except that

the bottom Lab projects beyond the pulley rim, and if

moulded as- shown the sand between rim and surface of

drag would be torn out when drawing the pattern. It is

not impossible to produce a casting from a one-piece pat
tern like this one, but it would not be wise for the begin
ner to make one of this type without obtaining practical
advice upon the subject. The safest and best way would
be to make that part of the hub which projects below the

rim and interferes with the use of the moulding board,

immovable, and held in place by dowel pins. This would

really form what is known as a &quot;parted&quot; pattern. All

7^^ibSy bosses or oilier projections upon the side of a one-

piece pattern which would interfere with the use of the

moulding &quot;board as shoivn in Fig. 62, should be made
removable.

A group of typical one-piece patterns is shown in the

photograph, Fig. 68. A is the under side of a base plate
similar to the one of Fig. 72, a top view of which can be
seen at B. C is a drill press arm; note that the boss Y
a,nd boss with tapered &quot;core print/

5

Z, are removable,
for the pattern would be placed on the moulding board
with that side down. (Core prints taken up later.) D is

a, slotted angle plate ;
the slots must be given draft and

the piece at right angles to slotted base should be given
considerable draft, for this part is down in the drag.
Note rounded corner piece, or &quot;fillet.&quot; At E is a crank
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handle
;
F a follow rest for a lathe, and would be placec

on the board laid flat as -shown. X is a &quot;loose piece, tc

be described later. Gr and H are flanges; K should be

specially noted as bearing out what was said in the intro

duction
;
it was made to replace the broken part of an old

lathe for which a new casting could not be obtained. The

Pig- 71 A pulley pattern

pattern was cut out by hand in about an hour, and the
casting obtained only required a little hand filing and
cost about twenty cents. At M is the tool rest slide for
a speed lathe, X being another &quot;loose piece.&quot; These

?f^
n
!
are/U cast H the face plate shown in Figs.

62, 63 64 and 65. The group gives an idea of the great
variety of forms under this class.

But many patterns have to be made in halves, or in

^T^?; ^^ t0getlier by Wood or brass dowel

a^&amp;lt;;? Jf^,^&quot;
Such patterns are known

be moll
P tn ^ are S made that one Part*Wbe moulded in the drag and another in the cope- the
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the mould without completely breaking up the sand, but
the two parts are so constructed that each may be indi

vidually drawn, and then when the cope and drag are

again fitted to each other, the mould formed by the im

pressions of the two pieces will be of the exact shape of

the pattern.

Photographs Fig. 62B and Fig. 63C (center) show
a pattern which, on account of the shape of its base, obvi

ously could not be cast in one piece ;
it is therefore split

7 ?

through the middle and moulded as illustrated in the

series of photographs 62B, 63B, 64, 65. One part, that

without dowel pins, is laid upon the moulding board,
as in Fig. 62B; the other part with pins may be seen

Fig, 72 A &quot;base plate pattern

standing on end. The procedure is the same as the mould

ing of the one-piece face plate previously described, until

the drag is turned over and moulding board removed,

exposing the flat side of the pattern to view. Now at this

point the second part of the pattern is placed upon the

piece still in the drag, the pattern pins holding it in the

proper position, see Fig. 65. Then the cope is set in place,

filled with sand, as in Fig. 63C, and removed. As the

pattern pins fit loosely, the upper part of the pattern
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conies off with the cope which is turned over, and this

part and that in the drag removed by means of &quot;draw

pins.&quot; Fig. 64 shows the piece first moulded in the drag

ready for drawing, with draw pin in place. The cope is

now replaced upon the drag after providing gate, vents,

etc. (not shown) and the mould is ready for pouring.

The important point to remember then, in making a

parted pattern, is to provide the flat side of one piece

with dowel pin holes, but no pins, in order that it may
be laid flat upon the moulding board exactly as though

Fig:. 73
K-. 74

Tig. 73 A pattern- for a pulley that cannot be drawn
fiS- 7^ A parted pattern for tie pulley shown in Fig. 73

it were a one-piece pattern; therefore the same rules for
draft should be applied. Then supposing that both parts
were laid flat, side by side, the taper or draft given the
sides of the two respective farts should be in the same
direction. A study of Figs. 62B, 63B, 64, 65 will make
trus clear, and Figs. 62A and 62B will. show how the
moulding board is used for the moulding of parted as well
as one-piece patterns. By keeping in mind the use of
his board one should be enabled to reason out the correct
aU g ? He building f patterns of eith^ type.The pulley illustrated in Fig. 73, when provided with

u
been esPlained a Better wayit will be described; by having the partino- lineof the pattern, and therefore of the mould, dkectiy
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through, the center of the rim as in Fig. 74, much less

draft need be given the rim, since now only half of its

width has to be drawn through the sand; this also means
less work for the moulder, for the pattern will draw
easier and not require so much rapping; a better casting

i

Tig. 75 A parted pattern ready for turning

results, and there will be less machine work and waste of

material due to its more symmetrical shape.
A few parted patterns are shown in Fig. 69. For the

moment no attention should be paid to the black projec
tions seen on some of them; these are &quot;core prints&quot; and
will be explained later. At A, B, and E, are three pairs,

and at I) half of another. The cylindrical parts of these

are lathe turned, and the other pieces fitted and glued.

fig. 76 A steel &quot;spur center&quot; which is used as a live center in wood

turning

E could be made in one piece and cast vertically, for the

&quot;nose&quot; has considerable taper, were it not for the cylin

drical projection above it (this one is not a core print)

which would have to be pinned on so that it could be

removed and allow the &quot;nose&quot; to be stood upon the

moulding board resting upon its flange. H is a half of

the pattern shown as being moulded in Fig. 62B. C, F
and G are &quot;core boxes,

&quot; and will be taken up further on.
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It must not bo suppose! thai parted patfrns aivlw

in one piece and then sawod. in t\vo afterward; Kig.

shows two pieces planed and filial fmvthi*r with dmv

pins, the regular pins that remain in I hi* pattern, at

temporarily secured, by counter-stink seiv\\s n! tin* emi

Enough material should be allowed af the &amp;lt;*nds for (]

pattern to be tiimod to shape and finished af the
i&amp;gt;u&amp;lt;

without running into these swws; (he axsi*mb!id
pi&amp;lt;&amp;gt;&amp;lt;

must be wide enough to allow of its IMMUJLJ ftiriM*d to &amp;lt;o

rect diameter* Great cure is nmsssary in plaHntf tl

work between centers, for the eettfers shmiM (if direct

into the parting lino; otherwise the halves will b* i uut

unsymmetrical. At Fig. 7(i is a sfe^f &quot;spur &amp;lt;*iit&amp;lt;*r&quot; ust

as a live center in wood turniniv; the spur holds (h &amp;lt;i

of the work firmly and no dog or otlur iioltl&amp;lt;*r is n
quin&quot;

The dowel pins mwt alwaytt Iw fillctl first, hrf**r* In nth

to shape, for it would Im most diflirulf to put UMIIJ i

accurately afterward They should lit loosely, so (h;

the parts will fall apart of their own wrhrhf, hut not ,

loose that the pieces can shift sideways,
Sometimes it is necessary to make n pittfent in llm

or more parts; on other occasions mi irregular parlin
surface must be made in tin* mould; often (he puffer

parting line does not coincide with that ol flte sawl, bi

these more complicated operations would he beyond tli

scope of this chapter, and the
b&amp;lt;\dnm&amp;gt;r is ndvined (o stir

to the easier forms for a while. Meanwhile, flu*
suhj&amp;lt;&amp;lt;

of
^core prints

3 and &quot;core hoxen&quot; mjuin^ soino ni

tention.

Many patterns, while varnished or litiwlted **hritfhtv
are seen to have cylindrical or ot,hi-r proj. rtioiis painto-
black, or if the body of the piece in black, the pm j,.,-l ion
are left

&quot;bright&quot; In every instance the.se ntrariffo look

mg projections are found to occur at point** where hole
or openings or recesses are required in the ranting an&amp;lt;

one is inclined to wonder why holes to correspond wor
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.rectly in the pattern itself. In some cases this

me, as, for instance, in the .patterns shown at

d L of Fig. 68, and in the case of the slots of

ate in Fig. 62A. It will he noted, however,

ise holes and slots are shallow; if they were

of small diameter the draft would have to be

Olo-ulding pattern with vertical core prints and placing of

vertical dry sand core

otalding of parted pattern with horizontal cylindrical core;

prints, horizontal core
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excessive to allow I he paUorn to he drawn af all anda great many cases if would he impo.s.sili!,. tt , us ,. H
,!

sand core&quot; duo oilier (o the lon.irfh ,,f {[,,- |,, ,| t , m ,

the fact or iis oeenm&amp;gt;neo h.-low f|, (
.

jmriim,.; ii,, 4
,

,,j-
,

tern or mould, as in y\K . ,S(L 1,, th,.w .

insf,,,,,,,,/., ,

wind&quot; or moulded and baked eon-s mu*f l. U s,! ( | ,,,

tliesc! make ..uu-essary ihe employtucni of &quot;,., rius

SO, 81-

to

core oven

, of

opening on ow Hdt only

w

,

H1 a

casting. The re,:

casting and

necessarily have to be of the

18 thus formt^ *ho
G
n

MIBOVttl with th(^ printg &amp;lt;Ic m&amp;gt;t

same size as the hoio to IMS



Pattern Making 117

formed in the casting ; they may be of any shape that will

draw, but the body of the core, allowing a small amount

for shrinkage of the metal, must be the exact size and

shape of the hole or other opening required in the casting.

If the hole is to be cylindrical, the core body must be

cylindrical; if a square or rectangular core is used, no

matter what the shape of the core prints, the casting will

Tig. 82 Cross sectional view of finished casting. This should be

compared with the core shown, in Fig. 81

be made with a square or rectangular hole, and so on.

Then end or ends of the core must fit closely into the core

print depressions in the mould, otherwise the molten

metal might run between and cause the core to shift in

the mould. Now for an example :

The face plate as shown in Fig. 62 is being cast with

out a hole in the center. Suppose that in order to make
the machine work easier it is decided to have a hole
&quot;

cored&quot; in the casting, but that the hole is too small in

diameter in proportion to its length, to make feasible the

use of a &quot;green sand&quot; core like that of Fig. 70A. Since

the hole is too small in diameter in proportion to its

length to do this, what is known as a &quot;vertical&quot; core will

be used. If the core prints were cylindrical, they would
be hard to draw, therefore they are tapered or given
draft. Fig. 66A shows the pattern in place on the

moulding board with the top core print, which is merely
a piece of wood shaped like the frustum of a cone and

painted black, fastened in place. If the bottom one was
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or sixteenths. These are cut to the required length, and
if a vertical core with tapered ends is required, they

&quot;rasp&quot;
off the end to the right taper. There is no extra

charge for the use of these standard -cores, for the mak

ing and balking of special cores is next then necessary,

and the pattern maker is thus saved considerable time -and

labor, especially if he is not provided with -a &quot;core box

plane,
&quot; and has to shape his core boxes with gonge and

sandpaper.
To return to the face plate : This is moulded in pre

cisely the same way as before, the loose-bottom core print

being handled the same way as the corresponding part

of a parted pattern. Before the mould is closed up for

pouring, the baked core is set in place in the core .print

depression formed in the drag by the upper print shown

in Fig. 66A ;
then when the cope is put on, the other core

print depression fits down over the top of the core, hold

ing it firmly in place. This procedure is shown graphi

cally in Fig. 77, &quot;which represents the successive opera

tions of moulding a flange with a vertical core.

Fig. 78 shows the moulding of a longer flange pattern,

which is best made parted and moulded horizontally, thus

requiring a horizontal core. In this case, the core prints

would be made cylindrical, the same diameter as the core,

and, of course, parted like the rest of the pattern; in

making a pattern of this type, the core prints would be

turned up as an integral part of the pattern. A good

rule for small core prints of this kind is to make the

length equal to the diameter. The core is made similar

to the vertical one, either in one piece or moulded in a

half core box and the halves pasted together. In Fig.

69, F, is a half &quot;box for a cylindrical horizontal core.

Although such a core box is easier to make than the kind

shown in Fig. 66A, the amateur is advised to allow the

use of the standard cores at the foundry whenever pos

sible.
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Photographs 66A and 67B illustrate the moulding
of a typical parted pattern with horizontal cylindrical
core prints. The complete pattern is shown in Fi#. (5(51$,

and to the right of it is a casting which was inado from
it Note the hole through the casting. Standing

1

up
right behind the pattern is the core. In Fig. (57A the

Fig. 85 Plan- and end view of half core fcox

cope has been lifted, the half pattern with it, turmul
over and the pattern drawn. Note that tin* core prints
on this piece have left two semi-cylindrical depressions
in the sand. At 67B the other half of the pattern Iras bo.en
removed --also, leaving a half mould in the draff .and two
semi-cylindrical core print depressions into which the
cylindrical baked core has been placed. This doim, -the
cope

_

will be replaced and the mould will be ready for
pouring. The easting shown upon the corner of tlw drni?
rn Fig 67B is not, -of course, supposed to have been taken
ironi.the mould; it was placed there merely to mvo an
other view of the one of Fig. 66B.

Sometimes a number of holes, vertical, horizontal, or
melined or recesses and openings of various shapes are

cored^into
the same casting; core boxes are ofton ex-
P d and * faCt Castin frequently

res Tf 5f
n
:-

the m Uld ^^ imde UPcores alone If the casting is to be open at one
Se e b X

&quot; -1- A5 ^5 uui one core Drint IQ na/^ o&amp;gt;n-i

tte vertical core re.ts prigM i, the Csln io !d
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by it, the core, of course, being a &quot;dry sand&quot; one made
in a special core box. The core in the picture is short

and thick, and is easily supported in this w.ay, but if it

had to be placed horizontally or if it had been long and

thin, the inner end would have had to have been held

in place by one or more short inner cores and the holes

formed in the casting plugged up later. The water

jacketed cylinder of a gas engine would be illustrative

of such -a case. Space will not permit the discussion of

such complicated cores and core boxes, which would

prove troublesome for the amateur in any event, so only

a few of the simpler types are shown in the photographs.

Pig. 69 -shows the two halves of a pattern similar to that

pig. 86 Appearance of casting showing cored hole

of Fig. 66B, except that two sets of core prints, large

and small, are used at P, P. No core boxes are shown,

for standard cores were employed at the foundry. B
and D, Fig. 69, are instances where both vertical and

horizontal core prints occur in the same pattern ;
X de

notes the vertical print. At C is -a more complicated

core box which goes with the pattern shown at Fig.

62B, and half of which may also be seen at H, Fig. 69.

The method of moulding this pattern would be exactly

the same as the operations shown in moulding the meter

case, Figs. 79, 80, 81 ;
the core box is more complicated

because the interior of the casting must contain ribs and

bosses. The disc-like core print may be seen on the face

of the pattern at H. The outside of this core box was

made round merely for convenience, and as far as the
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molding is concerned, could just as well have been square
The inside shape of the box is all that should bo consul

ered from the molding standpoint, for here the core i

formed, and when it is placed upright in the mold (ii

this ease) the hot metal surrounds it and leaves an open
ing in the casting the same shape as the core.

Another type of core can be considered; one whiel
has to be placed below the parting line of the mole:
and which may be either horizontal or inclined. Fig.
68, J, and Figs. 83, 84, 85, 86 illustrate such a case.
This is a one-piece pattern which will be molded with its
flat side resting upon the board; therefore the parting
line of the mold would come even with this side. The
part of the casting that is to have the horizontal hole
through it will be down in the drag, and it is obvious
that if regular horizontal cylindrical core prints were
used the pattern could not be drawn, for then the core
print projections would tear up the sand. In a case of
this kind, therefore, the core prints must extend up to
the top of the mold so that the pattern may be removed
therefrom. They may be given any convenient shape as
long as they will draw; for instance, in this pattern theyare an extension of the lower part and extend up even
with the op and therefore, even with the parting line

n usfb?^ ?e b dy
f-

^ C re aS Previous1^ &quot;Wmust be of the same diameter as the required hole

awaVS &quot;quresthe building of a special core box; even though the body

^r.s-.rss .ri-::

-e not alike, a half box cmld^^ for^^
86 shows
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liow the casting \vould look; note fliat Hie core print pro

jections never appear on tlie casting; tlieir function is

only to form- a support for tlie core in the mold.

Space will not permit a further discussion of cores

and core boxes, for they occur in an endless variety, and

every one would require a special description, but the

foregoing should give the reader an idea of the princi

ples involved. Therefore we will proceed to explain a

few small but important details such as &quot;fillets,&quot;

&quot;

loose

pieces,&quot; and allowance for shrinkage and machine work.

Fig. g? The dotted lines indicate a fillet with too great a radius in

proportion to the thickness of the pattern

A sharp corner should never be made on a pattern,

whether it be curved or straight, but should be rounded

off; and internal corners should be filled in by a curved

portion called a fillet. An exception to this rule would

occur in the case of such corners as were formed upon

that side of the pattern which would rest upon the mold

ing board, as the top edge of the flange shown in Fig.

62A. Such a corner could not be rounded to any ex

tent without interfering with the drawing of the pattern.

A sharp corner always means a weak place in the cast

ing, for strains are set up in the metal as it cools and

are sometimes sufficient to cause a fracture, whereas a

rounded corner, or one containing a fillet, causes a more

uniform cooling stress in the casting. When cutting a
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pattern out of a single piece of wood, the fillets can gen

erally be worked out from the solid, but if built up of

separate pieces, sharp corners are usually formed and
must be filled by a small strip of wood glued in and
rounded with gouge and sandpaper after the glue is dry.
This is illustrated in Fig. 87, which shows a triangular-

piece of wood with brads for temporarily holding it in

place until the glue dries, after which the brads are
drawn and the corner rounded. Strips of leather may
be used for fillets instead of wood, especially in fitting-

rounded corners where wood fillets would be difficult to

fit. They are fastened and shaped the same way as the
wooden ones. Beeswax is sometimes used, the wax being
softened and worked into the corner, but such work is

not very permanent. A fillet should not be too thick in

proportion to the thickness of the pattern, as in the
dotted line of Fig. 87; this would be as bad as none at
all, for the excess of metal in the comer would cause
strains to be set up as the metal cooled.

&quot;Loose pieces&quot; are small parts of a pattern which
project in such a way that if permanently fastened in
place would not allow the pattern to be drawn from the
mold. Instances of this are noted in Fig. 68, one being
the lathe side M, which has a boss X on one side of the
post, and the projection on the lower end of the base of
the tollow rest F. These parts are made separately andheld in plac* by a long pin or brad. In molding, the sand
is rammed down over the pattern until part of the loose
piece is covered; then the pin is removed, leaving the

Fn
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P
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10n^^^^ f^ Sand &quot;
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arrangements For loose pieces, the simple method of

holding by a pin is perfectly satisfactory for small pat-

to rns.

livery metal shrinks it) some extent upon cooling

from a molten state. The amount of shrinkage depends

on the sinw and shape of the piece as well as the co

efficient of expansion of the metal. For cast iron, the

shrinkage allowance is generally one-eighth of an inch

to the foot; this moans thai if a easting was required to

1)0 one foot long the pattern would have to &quot;be made

twelve and one-eighth inches long, for the casting would

shrink one eighth of an inch in its length while cooling.

But |V&amp;gt;r most of the small patterns such as the amateur

would build, unless wry accurate castings were required,

the shrinkage
1 could be neglected.

Those 4

parts of a pattern which correspond to the

portions of the easting which, are to he machine finished

must bo made thick enough to allow for the material re

moved from the surface of the casting while turning,

boring or planing it. Usually about one-eighth of an inch

has to bo taken off in order to got down through the sur

face scale and give a smooth finish to the work. For in

stance, the top Fac&amp;lt;s
rim and lower face of hub of a cast

ing of the face plate shown in Fig. (&amp;gt;2A,
would have to

1m turned off in the lathe and so the pattern would have

to be made* ono-qnartor of an inch greater in diameter

than the finished si/A the face one-eighth inch, thicker

and the hub ono-oighth longer to allow for the machine

work on the canting. If a hole was bored through the

center* allowance would have to be made for removing

at least one-eighth of an inch of metal from the sides of

the hole while boring out, and more if there was a chance

of the cored holts being erookod.



CHAPTEE VIII

ELECTRO-PLATING

Explanation of the process Description of a small plating outfit Solu
tions used for the electro-deposition of copper, silver and nickel

Cleansing solutions for various metals Polishing and finishing work.

Tlie average amateur mechanic seems inclined to re

gard electro-plating as a very complicated and difficult

process, involving the use of costly materials and appa
ratus. This is not the ease, however, as the successful

electro-deposition of copper, nickel and silver is a com
paratively simple process, the practice of which easily
c-onies Trithin the resources and ability of the amateur.
An electro-plating outfit should be included in the equip
ment of every workshop, and it is the purpose of the
author to describe in the following lines the construction
and manipulation of a small but practical outfit, which
will enable the mechanic to properly plate and finish his
machine or instrument parts.

While it is not the purpose of the author to give a
lengthy treatise on the theory of

electro-deposition, a
bnet outline of the fundamental principles involved will
be given, as an elementary understanding of the theory

011 abo t to be performed in-
and ^vantageous in actual

& &quot;

of

salt (sodium

-o electrodes in such a
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tween them, it will tend to decompose the table salt into

its constituent elements, i.e., sodium and chlorine. The

atoms of sodium &quot;will accumulate at the negative elec-

g. 88 A glass storage &quot;battery jar used as an electro-plating vat

trode or cathode and the chlorine will l&amp;gt;e attracted &quot;by

the positive electrode or anode.

This is exactly what happens in the process of electro

plating. For an illustration, we will assume that we are

plating with nickel. In place of the sodium chloride,

nickel-ammonium sulphate would be dissolved in the

water, and upon passing an electric current through such
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a solution we would find that the negative electrode

would soon become covered with a thin deposit of metal-

lie nickel owing to the decomposing action of the cur

rent. If we take the negative electrode out and substi

tute it with articles to be plated, we will find that the

articles will undergo the same process and a deposit of
nickel will form on tlieru. If we -wish to plate with cop
per, copper sulphate should be substituted for the nickel-

ammonium sulphate, etc.

In many cases, where there are but a few small arti
cles to be electro-plated, a small vat may be used with
entire success and the results will be found to be just as

good as those attainable by means of larger vats and
more costly apparatus. For general workshop use, the
outfit described in the following lines will be found to be
both practical and serviceable.

The vat proper should be a square earthenware or
glass jar with dimensions not smaller than 8 indies
square and 10 inches deep. A glass storage battery jar
of the proper size is very suitable. The top of the vat
should be equipped with three %2-inch brass rods as
shown m Fig. 88. One end of each rod should be threaded
to receive %a machine nuts. Two of the rods are to be
used to hold the electrodes, and the articles to be platedare suspended from the third one. On account of the
necessity ot varying the distance between the electrodesor different classes of work, it will not be found desira-

rod^IT Permanent arrangement to hold the

JriS 1
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sets of electrodes for use with, the vat
;
one set of copper,

one of nickel, and one of silver. Owing to the greater

expense of silver, the electrodes of this metal are made

much smaller than those of nickel and copper, and on

this account it will be found necessary to plate one arti

cle at a time when depositing silver. As the silver plat

ing solution is equally expensive, the amount prepared

should only equal one-third that of the copper or nickel

solutions, and the silver electrodes should be suspended

into the solution by means of longer strips than those

ig 89 Ail electro-plating dynamo

used on the other electrodes so they will be completely

immersed. The dimensions of the various electrodes

and the method of suspending them from the brass rods

are plainly shown in the sketch.

&quot;While three Bunsen cells connected in series will be

found to produce sufficient current to successfully oper

ate the vat described above, the use of a small 8-ampere,

10-volt dynamo of the shunt-wound variety is to be rec

ommended on account of the steady and unvarying cur

rent it is capable of generating. It is utterly impossible

to use dry cells, as they polarize too rapidly for work ot

this nature. A small rheostat should be included in the
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outfit, as it is often necessary that the current be proper]

proportioned for the work required from it.

Successful electro-plating depends, to a great extcn

upon the chemical purity of the solutions, and only tl

purest substances should be used in their prepa ratio.]

If it is impossible to obtain pure distilled water, tl:

next best substitute is rain water.

Solution for Copper Plating. First, make a saturate

solution of copper sulphate (blue vitriol) by dissolvin

the crystals in a gallon of pure water until it is foiin

that the crystals will no longer dissolve. The sohitio

is then said to be &quot; saturated/ 7 To this preparation ad
about a half teacup of chemically pure sulphuric aei&amp;lt;

care being taken that the acid is poured in a small, #w
tie stream. After filtering through blotting paper, th
solution is ready to be used or stored away in flasks tui

til it is desired to use it.

Solution for Nickel Plating. Dissolve one pound o

nickel-ammonium sulphate in one gallon of water. Ti

this add about 2 tablespoonfuls of pure sulphuric acid
The preparation is then filtered, after which it is read;
for use. After this solution is used for some time an j

bath, it is advisable to test it with litmus paper to acor
tain whether it is acid or alkaline, as there is a tendons
for ammonium (NH4) to form, which renders the bat!
alkaline. In this case, sulphuric acid should again b&amp;lt;

added until the bath is just acid.

Solution for Silver Plating. Obtain two ounces o
silver nitrate from a chemical supply house and dissolv&amp;lt;

it in two quarts of pure warm water. To this add a HO
lution of cyanide of potassium (a deadly poison), whlcl
will cause the silver to precipitate as crystals of silvoi
cyanide. Immediately discontinue adding the potassiuir
cyanide after it is found that all the silver has preeipi
tated. The whole solution is then filtered through blot
ting paper to recover the crystals of silver cyanide
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formed. The filtrate may then be disposed of, as it is
of no further use. Now place the silver cyanide crystals
in a vessel containing about one and one-half quarts of

pure water and to this add potassium cyanide, stirring
the solution at the same time until all the silver cyanide
crystals have dissolved. We then have a standard so
lution of the double cyanide of silver which is used in

e/ecfrvdes

Fig. 90 Copper and silver electrodes for the electro-plating vat

silver-plating. The solution may be kept in a clean, stop
pered bottle until it is used.

Cleansing Solutions. One of the most important
operations in the process of electro-plating is that of

properly preparing the surface of the articles to receive

the deposit. The smallest speck of foreign matter upon
the surface of the article to be plated is sufficient to

cause the deposit to peel off. Many times the mere

touching of the surface with the fingers so contaminates
the object that it becomes impossible to electro-plate it

successfully without again putting it through the cleans

ing process.

It is, of course, understood that the surfaces of the

article to be plated should first be rendered sufficiently

smooth by a mechanical process, if it is not already so.
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In the case of the amateur, this can usually h&amp;lt;&amp;gt; aworn-

plished by polishing the Huriaco with (mo
&amp;lt;mcry elotlu

After the surface is inwhanifally pivpaml, it thttri

becomes necessary to render it Hnnnically &amp;lt;*han boi ore

it is immersed in the plating iwlJu As it is impossible

to prepare one cleansing or pickling bath (hat will 1m

suited for all metals, it will bo found nwssary to mix

several different pickles, one Tor &amp;lt;wh diffVmit moial.

Before the articles are immorsod in the pieklo, they
should be dipped in clean water, an&amp;lt;I after

th&amp;lt;y are

PiUtlrih &amp;gt;

ffaftryvyf

Fig. 91 Diagram of connections for the plating outfit

brought out of the pickle tboy should again he ihorou^lily
rinsed in clean, runiiin^ wnt&amp;lt;u- lMt on they nro (inally

placed in the plating bath. The nrticlw should b&amp;lt;s dippcll
in the pickle by means of a copper wire.

PicUe for Copper, Brans awl ttermun *S i7wr.--&amp;lt;)n&amp;lt;!

hundred parts of sulphuric acid, 50 parts of nitric acid
- and 1 part of table salt. Permit the preparation to tmxl
one day before using. Us 100 pnrtH of wnti*r and 10

parts of sulphuric acid for zinc.
Pickle for Iron and Steel. Quo part sulphuric acid.

15 parts water, % part nitric acid. It LH advisable to
add a few pieces of zinc to such a solution.men using the acid dips, (-specially in the case of
copper and brass, care should bo taken that tho metal is
not left too long in the pickle, as tho acids act quicklyand will prt the surface if permitted to act long o
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The proper method is to alternately dip the articles in

water and then in the pickle until the surface appears
bright and clean.

If it is desired to plate a brass article that has already
a fine polish upon its surface, the acid cleansing bath
should not be used, owing to its tendency to destroy the

polish. A dip composed of 1 part of potassium cyanide
to 10 parts of water may be substituted for the acid dip
in this case. It will be found necessary to leave the

brass much longer in this than in the acid pickle.

&quot;

wheef.

Fig. 92 A simple polishing wheel arranged on a small hand grinder

Hints. When plating objects that have large pro
jections, the electrodes of the vat should be placed as far

apart as possible, otherwise an unequal deposit will re

sult owing to the great current density at the projections
where the resistance of the bath is least.

In electro-plating, care should be taken that the de

posit does not form too rapidly, as plating of this nature

invariably proves to have poor adhesive qualities and
soon peels off. Equally wrong is the practice of per
mitting the deposit to form too slowly. The current

should be regulated by means of the rheostat, until the

deposit formed is flesh-pink in the case of copper, and

milky white in the case of silver and nickel. If the cur-
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rent is not of the proper proportion, the deposit 1ms a

noticeable tendency to become dark in color.

If the plating solutions are not in use, they should be

kept in stoppered vessels, otherwise they will become

contaminated with foreign matter from the atmosphere,
The articles should be dipped in the pickle on a cop

per wire, bent in the form of a hook, and, immediately
after cleaning, the articles should be placed in the plat

ing vat by hanging the copper wire or hook on the cen

tral brass rod.

The fact that the amount of current passing through
the bath is dependent upon the proximity and size of the

electrodes should be kept in mind. If a single small arti

cle is being plated, it is necessary to move the electrodes
closer together in order to reduce resistance and permit
sufficient current to pass owing to the small surface of

the negative electrode which is formed by the article to

receive the plating.

Polishing and Finishing. Mteic the articles are taken
from the plating vat, they should be washed in hot water
and dried in a box of sawdust. They are then ready to
receive the final polishing, which may be done on a small
grinding head equipped with a buffing wheel. If the
mechanic is not fortunate enough to have one of these in
Ms workshop equipment, a good substitute will be found
in a bench grinder, which may be fitted with a polishing
wheel, as shown in Fig. 92. The polishing wheel is made
by cutting out about twenty 7-inch circles from thin can
vas and clamping them between two wooden discs as
shown. The purpose of the wooden discs is to hold the
canvas circles in place under the pressure of polishing.
With a helper to turn the grinder and a little rouge on
the buffing wheel, very good polishing can be done.
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A MODEL SLIDE CKA^sTK STEAM ENGINE

Description of the engine Procedure in machining and finishing the

various parts.

This model represents what is probably the acme of

simplicity in steam engine construction. It ranks favor

ably with the old type oscillating cylinder machines in

this particular, although it is admittedly superior in

point of mechanical efficiency and design. The entire

absence of cross head and usual connecting rod, with

their attendant difficulties from the builder s standpoint,

leaves nothing to be desired.

The principle of operation may not be clear at first

glance at the drawing. A rather comprehensive ex

planation will, therefore, be given. The motion of the

piston rod is imparted to the slide crank or cross piece

which travels up and down. Sliding within the hollowed

out cross piece is a short cylinder which engages a pin

on the crank disc attached to the shaft. The pin passes

through the opening which runs the length of the cross

piece.
As the piston rod moves up and down, it causes the

crank pin to describe a circle, the cylinder engaging the

pin sliding from one end of the cross piece to the other.

The steam ports are covered with a slide valve of the

usual type and in all other respects the little engine

represents standard model design.

The cylinder casting is best held in a three jaw uni

versal chuck for boring and facing one end. It is then

reversed in the clmck with the faced-off end backing up

against the chuck face to insure that the end to be faced

135
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will be truly parallel with, the finished one. The valve

seat is next to be considered, and the best way to ma
chine this is to mount the bored and faced casting upon
an angle plate, taking the necessary cut off the valve

seat. If no angle plate is available, the facing may pos

sibly be done with a file providing the worker is suffi

ciently expert in the use of this tool. A plane surface

Fig. 93 The slide-crank engine

is best produced by drawing the casting across the face
of a large, fine file, rather than by attempting to run the
file across the casting.

The cylinder heads may next be machined by holding
the casting in the chuck by means of a chucking piece
left for the purpose. Before removing the casting from
the chuck, it is well to scribe the circle around which the
holes for the cylinder head screws are to be drilled. By
doing this in the chuck with a pointed tool, the layout
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will be perfectly coincident with the bore of the cylinder.
It is afterward a simple matter to lay off and prick
punch the locations for the six holes in each cylinder
head. The hole for the piston rod and packing gland
is, of course, to be drilled in the lower cylinder head
casting before taking the latter from the chuck.

When laying out the holes for the supporting columns
at either side of the engine, it is well to clamp the base
plate and lower cylinder head together and to drill holes

through both at one operation. This will insure perfect
alignment. The columns are, as will be noted from the

Fig, 94 The complete set of castings for the slide-crank engine

drawing, lengths of cold rolled steel rod shouldered down
and threaded at either end.

The hole in the center of the base plate may be spotted
while the castings are still clamped together. It is, of

course, quite essential that these holes line up perfectly

to insure smooth running without undue friction.

The machine work on piston, slide valve, and eccen

tric is so obvious as to require no special explanation.

The cross slide may require a word or two, however.

The casting is made with the cross member solid, and

it should be drilled 14 inch for the sliding cylinder while

held in the chuck. The casting may then be turned 90

degrees with the chuck jaws gripping the smaller pro

jection while the tailstoek center engages a center hole
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Pig. 9^-Detail drawing bf the engine



A Model Slide Crank Steam Engine 139

in the longer end. A steady, smooth cut is then taken

along this longer projection, turning it down to a fin

ished diameter of %e inch. Reversing the casting again,

and using a sleeve to protect the now finished longer

portion from injury by the chnck jaws, the smaller end

may be drilled and tapped for the piston rod. Remov

ing the casting, the builder may then proceed to file away
the side of the cross member so that the slide crank pin

may enter to link the sliding cylinder with the crank disc.

The bearing standards may next be drilled for the

shaft with a drill a shade under %e inch and holes placed

in the feet. After cleaning up the under side with a file

to make it square with the perpendicular, the bearings

may be mounted on the base plate, great care being taken

to see that the holes for the shaft line up perfectly with

a line scribed the length of the base plate and passing

exactly through its center. This is easily done by pass

ing a short piece of rod through the holes and in this

manner sighting for alignment. When the holding down

screws have been inserted, a . %e inch reamer may be

passed through both standards, clearing out the bear

ings and making absolutely certain that they line up

perfectly.

The turning of the flywheel finishes the machine work

when the engine may be assembled.



CHAPTEE X

A MODEL TWIN-CYLINDER ENGINE

Description of the type of the engine Machining the cylinder eastings
erankcase, valve chest, crankshaft and valve mechanism Finishing
the engine.

fe

The model described below resembles the Westin&amp;lt;v

house high speed stationary steam engines used in driv
mg electric generators for lighting circuits. It is simple^ F ervieeable in operation and presents no great
difficulties in construction.

This engine, when constructed from a set of magnate castings, makes a wonderful power plant for a model

Fig. 96-The
twin-cylinder engine

vantage.

and e f Und to be
is a valuable ad-
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to do is to study the blue print so that the general ap

pearance of the engine will become familiar.

Cylinder Castings. The crankcase end with the six

lugs or projections is first filed flat and true. If a small

Fig. 97 Main castings for the twin-cylinder engine

lap grinder is available, this job can be done accurately
and quickly on such a machine. Otherwise, the model

maker will have to resort to filing. After this operation,
the cylinder casting can be mounted on the face plate

and the upward portion faced off. The casting will now

Fig. 98 The completed crankshaft for the engine, with flywheel, pistons

and eccentric mounted in place

have to Tbe taken off the face plate so that the center

lines can be scribed off for the centers of the cylinder

bore. This is best done by filling in the cored hole with

cardboard and marking the centers with a lead pencil.

The casting must now be mounted on the face plate again&quot;

and the center marks on the cardboard lined up with the
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back center of the lathe. When this is done, the card

board filling can be taken out and the boring of the cylin

ders started. After finishing this, proceed in the same

way to bore the other cylinder, after which both should

be lapped out perfectly smooth. This is very essential

Tig. 99 Top view of the engine showing the steam chest uncovered

for a perfect running engine and for the development
of maximum power.

CranJccase. File the crankcase flat so that it makes
a perfect joint with the cylinder casting. This job can
also be performed on a lap grinder with success. Holes

Fig. 100-CompIete set of patterns for the twin-cylinder engine

are drilled and tapped and then both members are
screwed together. The crankshaft bearings -are best
drfled by using the back center punch marks at each
end drilling first one side and then the other. A No. 1
drill should be used and then the hole carefully reamed
out with a standard ^-inch reamer.
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Vntre Cltrsl. This casting is filed or ground flat to

make a perfect joint with the (op of the cylinder casting.

Necessary holes are drilled and tapped and the (Mid

slotted for the hell crank. T
between (he eccentric and tl

of the steam chest can he milled out if a milling

is available. Otherwise, one must resort to the old re

liable lilt
1 and scraper. The valve stem passes through

one end of the chest which has been drilled and lilted

e bell crank is the medium
c valve stem. The inside

Fig, t01&quot;-Thn rriuikriww ! the ougino ai tor being

with the usual parking mil. The valve ehost cover is

merely a piece of i

s inch plutt^ and screwed on the lop
of the valve chest. This plate has a hole drilled and

lapped to fake the steam pipe from the boiler.

I*isl&amp;lt;tHs, These are put, hi the lathe and, turned to a

snug fit in the cylinders. It is understood, that the pis

tons must work freely. The pistons have &quot;V&quot; grooves
turned in (hem which ad as water rings. For extreme

high pressure, piston rings of steel must be fitted. Holes

are drilled in (lie pistons to take* the i^-inch wrist pin
for the connect ing rods*
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Crankshaft. This can be made out of a solid piece,

but the designer of this engine has had some experience
with built-up crankshafts and can heartily recommend
them. In fact, he prefers them, knowing of one instance

where a built-up crankshaft has stood the test of running
from 10,000 to 12,000 E.P.M. without breaking. Make a

jig for the crank webs. Drill and ream these standard %
inch, and then procure some oversize drill rod (about 253

thousandths) and drive this through the crank webs.
Then pin and braze the joints, after which the portion of
the shaft that is between the web can be sawed out and
the crankshaft cleaned and filed up smooth. This pro
duces a very strong and rigid crankshaft with a minimum
of trouble.

Both types of crankshaft are shown in the drawing
so that the builder can make either one. &quot;While the solid
shaft is more durable, it is much more difficult to make
than the built-up type.

Valve Mechanism. The drawing shows two different
methods of making the valve mechanism. One is a lathe
job, and the other can be made with ordinary tools. Both
methods are good; the only thing in favor of one is its
ease of construction, and this can easily be seen from
drawing.

The only thing left to be done now is the putting on
of the lagging, setting the valve and testing the engine.As for finish, a nice maroon enamel well baked on in an
oven and then left to stand a couple of days to harden,
gives a splendid appearance. The flywheel of the engine
is merely a simple lathe job.



CHAPTER XI

A SINGLE-CYLINDER ENGINE

General procedure in machining the engine parts, employing the most

practical methods Finishing the engine.

This particular design of engine- is really tlie fore

runner of the &quot;Speedy&quot; class of engines, having been

built before the slide crank engine was designed. The

engine has proven its worth on several occasions.

In the finishing of a set of these engine castings, the

first thing to take in hand wonld be the cylinder casting.

This can very easily be held in a 3-jawed chuck and

bored out with a boring tool % inch diameter. After

the boring is completed, the cylinder should be faced off

before the casting is taken out of the chuck. This in

sures the bore and the bottom of the cylinder being ab

solutely square with one another. Now the casting can

be taken out of the chuck and turned around, using a

packing piece behind the cylinder and against the chuck

face to get both ends parallel. The next operation is to

drill and tap the six holes for the cylinder head and base.

If the builder is in possession of an angle plate that can

be bolted to the face plate of his lathe, the cylinder can

be mounted so that he can face off the valve seat of the

cylinder. Otherwise he will resort to the more tedious

process of file and straight edge. In drilling the steam-

chest parts^ they, must first be laid out (with a scribe)

very accurately and then drilled with a hand drill to the

depth shown on the drawing. The two steam ports are

then drilled from their respective ends to meet the end

ports drilled in valve face and the exhaust port is drilled

to meet the center port. Care must be taken when drill-
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ing the ports that the drill does not break through from
one port to another.

The steam chest can now be fitted to the valve face
after being filed or ground flat and true on both sides. A
good method is to lay out the holes on the steam-chest
casting and drill same and then use it as a jig for the
holes to be drilled in the cylinder and also for the holes

Kg. 103-The upright engine assembled, ready to run

edscrewed
together, but not permanently.

ihas be taken i
is has chucking pieces cast on so that the

Seat

out and dri
drawing and then fitted to the



A Single-Cylinder Engine

cylinder. Now turn up the piston and make the piston

rod with the cross head, fit the cross-head guide to cylin

der base. Assemble all together and see that they work

free. Do not forget to put the packing nut on the piston

rod before screwing on the cross head. The slide-valve

drawing is in detail and really needs no explanation. The

COUNTERSUNK
FOR HEflD

&quot;37 OEILLT

Pig. 104A Details of the upright engine

eccentric casting will also be found to have chucking

pieces cast on. First, put it in the chucks so that the %-

inch diameter can be turned, then take the offset and

put in the chuck, center same and drill it with a % 6-inch

drill. You will find that the throw of the eccentric will

be just right. The eccentric strap is then very easily

made.
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Fig. 104E-Detaas of the upright engine
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The four %6-inch steel standards are turned up at

each end and threaded %o, as per drawing.

In building the crankshaft, the crank disc is first

ground flat, then drilled in the center for a driving fit

for the %6-inch shaft. After shaft has been driven in,

it must be pinned and soldered to prevent it coming

loose when running at high speed. Now the hole can be

drilled and tapped for the shoulder screw which acts as

the crankpin.
The engine base must first be ground or filed flat on

the top and bottom. In laying out the holes, care must

be taken that the upright standard holes match those

on the cylinder base. If the builder would make himself

a jig, he could use same for both the base and cylinder

bottom, thus insuring absolute alignment of the four

standards.

The holes for the crankshaft bearings are then drilled

and tapped and the bearings fitted and drilled for the

crankshaft. The flywheel needs no explanation, being

a very simple lathe job.

If, in assembling the engine, the cylinder and its vari

ous parts, the engine base with the standards, crankshaft

and eccentric are considered separate units, the builder

will find that if he has these two units working properly

it will be a very simple matter to put the cylinder unit

on the four standards and connect up his valve motion

and connecting rod. Now lag the cylinder with some Bus-

sian iron and enamel the cast parts red or green. The

contrast between the enamel and the polished steel parts

will make a very good looking model marine engine.



CHAPTEE XII

A MODEL TWIN-CYLINDER MARINE

Description of the engine and various parts-Lathe and machine worl

necessary in finishing the engine-Making a built-up crankshaft to,

the engine.

The beautifully executed model pictured and described

in this chapter was built by the famous London model

engineering firm of Whitney in City Eoad. The model

is of brass throughout. Possibly for flash boiler steam,

and that is admittedly the best for the purpose, it^might
be well to specify cast iron for the cylinders and pistons.

It is said that brass or gunmetal will pit and otherwise

cause trouble with very highly superheated steam. Ac

cordingly, it is the prerogative of the builder to decide

which material to use. He has but to weigh the ease of

construction of brass with the superior operating quali

ties of cast iron.

While this model is not recommended as a project for

the dabbler or the rank amateur in mechanics, its con

struction is delightfully simple for the worker who is

possessed of a lathe and who knows how to use it. A
screw cutting lathe is not essential as all of the work
can be done with a small speed lathe fitted with a slide

rest. Of course, the heavier the lathe, within limits, the

easier the job and the better the workmanship. How
ever, the advanced model maker who is capable of using
Ms head to overcome difficulties heed not hesitate to

undertake the construction on even a small bench lathe.

The illustrations cover every detail of the engine,
the working drawing being supplemented with photo
graphs of the part of the machine ready for assembly.
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It is assumed that the worker who attempts the con

struction will be sufficiently familiar with lathe practice

to be able to work directly from the drawings without

detailed instruction.

The one really difficult pattern is that for the stand

ards supporting the cylinders which are cast en bloc.

i

i
I;:

1

!

Fig. 105 The twin-cylinder marine engine as it looks when finished

The dividing line is, of course, that through the stiffen

ing web. A core is scarcely justified in the tunnel for the

cross-head. The extra weight of metal, particularly if

cast iron is used throughout, is not sufficient to warrant

the extra trouble. Besides, it is practically as -easy to

drill through the cylindrical portion, following with the

boring tool, as it is to get beneath the glass-hard scale-

left on the casting where the core has been.
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The bed-plate, cylinders, flywheel, eccentrics and
straps, bearing caps, steam chests, and the few pipe fit

tings which are not standard, constitute the bulk of the

Pig. 106 Plan of the engine

other pattern work. The pistons, connecting rods, crank
shaft and packing glands are about as easily worked out
of rolled stock as from castings. The one exception is
the cross-head which is something of a nuisance to ma
chine. The blind slot in the cross-head is a difficult pieceof work unless it is cored out in a casting and even then

out a It TSTt- t*
y
.r

rker Vh has tried to worryout a slot of this kind will appreciate the truth of the
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statement. With good foundry work, the hole may be
cored -with more than fair success. Under such circum

stances, the little pattern is certainly worth making.
The bed plate is a light casting that may be machined

in one of several ways. Obviously, the professional
method would be in a shaper, planer, or milling machine

;

but how many model makers can boast of one of the trio?

Next in order comes a straight facing job on the face

plate of the lathe. The bed plate casting can be secured

readily to a wooden face plate screwed to the iron one.

Centering the job by means of scribed diagonals enables
the worker to center, and consequently balance, the cast

ing on the face plate.

It is best to face off the under side first, then revers

ing the casting and facing off the upper side to which the
engine standards are attached. The edges may well be
merely cleaned up with grinder and file and afterward
painted unless the worker prefers a job finished in bright
metal only.

The crankshaft bearings are formed by drilling half
into the bed plate and half into the bearing caps, one of
which is shown above the part sectional view of the bed
plate in end elevation. After cleaning up the bearing
cap castings with file and grinder and finishing the under
side by drawing the casting over the surface of a clean,toe flat file, the caps may be located on the bed plate,
the holes spotted, drilled and tapped for 6/32 fillister
head screws, and the caps secured in place before the
drilling for the crankshaft is attempted. Prick punchmarks should be placed on each casting and just below
it in the bed plate so that the bearing caps may be re-

&quot;S S Same rder after they have be*n removed.

^drilling
should be done in the lathe. Build up

T IT ^th
\lathe bed to a ^ight that will bring

- plate
line with the lathe centers. Spot the hole to
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STEAK CHEST rl&quot;*t CONNECTING-

iL
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i
2 OF
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Fig. 10&-Petails of the twiu-cylinder marine engine
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be drilled in the casting on each side and start the drill

on the one side while the casting is backed up by the

tailstoek center on the other. This will positively insure

accuracy and alignment. &quot;When the one side is drilled,
run the drill right through until it passes through the

middle bearing, and then reverse the work so that the

drilled side rests against the center and the undrilled side

is presented to the tool. When this is finished, the three
holes are sure to be perfectly in line.

The drill should be %4th of an inch under %e if a
reamer is available, and one is really necessary in this

case. When the drilling is finished, the % 6-inch reamer
is passed right through the three bearing holes which fin

ishes them to size and, of course, to line also. To make
a running fit for the shaft, the latter will have to be
ground in -with fine emery and oil.

The two cylinder castings are exactly alike, so the
operations will be described for one only. A simple
method of facing off the bottom of the feet is to grip the
top, or lower cylinder head portion, in a three-jaw chuck,
centering the central cylindrical portion which will ulti

mately be bored out. With the tailstoek center brought
up, the cut may be taken readily from the feet. The cast
ing may then be taken from the chuck and mounted upon
a face plate with the faced-off feet secured to it through
the holes which will later take the final holding down
screws when the engine is assembled. The end of the
casting is then

center-drilled, and the center brought up
to permit the facing off of the cylinder head portion to
dimensions given in the drawing.

When this is finished and a scribe circle struck with
the sharp tool on the face of the cylinder head portion to
serve as a guide in locating the holes for the screws, the

7fr m
,
ay be removed and a dri11 &amp;lt;* k **&amp;gt;

^arge ? may then be run thr ^h th* &amp;lt;&amp;gt;&quot;*

start the cross head tunnel. The greatest care must
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CYLINDERS ENBL0C

r

Fig. 109 The cylinder Wock and standards of the twin-cylinder

marine engine
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be taken here to see that the drill does not bite and to

this end it should be properly ground. If brass is used,
the lip of the drill should be taken off by all means

; with

cast iron it is not so important but, even so, there should
be no unnecessary risks taken to save time.

The boring may then be started through the drilled

hole. If the depression on each side of the cylindrical

U.. .,.- J

Pig. 110 The crankshaft of the twin-cylinder marine engine

portion catches during the operation of boring, it is very.much better to use a steady rest on the turned cylinderhead portion. This may be done without defacing the
work

seriously, and if it is marred, a light cut at the
end will.remove the marks. The steady rest will prevent
danger from lutes due to the lack of stiffness in the work.

+ T i^iA Sm otl1 cut at the final one
&amp;gt;

the Coringtool should be sent through in the usual way with the cut
ting edge doing its chipping after the manner of a dia-
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inoml point on external work; then, and this is the trick,
without turning tlio cross feed handle, bring the tool back
out again with tho natural spring of the tool, taking a

dragging cut after the fashion of a side facing tool. This
final cut will leave the inside of the tunnel with a bur
nished surface if the feud has been very slow and the
cut exceedingly light.

From the description jnst given, the worker will note

that the end of the casting that would naturally form the

cylinder head has boon bored out. There is a double

reason for this: First, there is no other easy way of

boring the cross bead tunnel and, secondly, it is much
easier to lit a, .plug containing the packing gland, the con

struction of which is well shown in the drawing, to the

bored out easting than it would be to attempt such a fit

ting up inside the tunnel. The actual packing is a piece
of lamp-wick well greased and wound around the pis-

Ion rod.

The two cylinders tiro cast en bloc. The casting is

considerably lighter than the pictures of the finished en

gine would seem to indicate as the smooth, external sur-

faeo is of shoot metal which forms a &quot;lagging&quot;
or cover

ing which encloses an air space to keep the cylinders hot

and in Hint manner prevent, as far as possible, the con

densation of the steam within the cylinders. The draw

ings show7 how this space is formed, the dotted lines indi

cating tho lines of the actual cylinder wall in the plan
view.

For facing off, the casting may be mounted upon the

wooden face plate with the casting centered. After the

cut is taken, the work may be reversed to face the other

side. Tho casting is then scribed accurately with center

lino and the, two holes spotted to indicate cylinder bores.

Tho casting is again mounted, but this time the center is

brought up to one of the spot marks indicating one cyl

inder bore. After clamping securely, the casting may be
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&quot;1

Pig. Ill The parts of the finished engine
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drilled, but first of all the whole job should be balanced

by bolting a small mass of metal to the side of the face

plate to compensate for the lack of balance and to pre
vent vibration which would destroy the accuracy of the

work. The boring of one cylinder finished, the casting

may be changed over so that the other may be bored.

The casting may then be removed from the face plate
and the ports drilled and chipped out. Before doing this

operation, however, the slide valve faces may be ma-
chined. The right way to do this is on an angle plate
in the lathe after the cylinders have been bored and
faced off. An alternative method is to file and grind the

face true, or as nearly so as the skill of the worker will

permit.
The little kink used for the slide valve rod is a good

one, and the isometric sketch will aid in showing its prin

ciple. The reader will note that this stnnt affords a uni

versal coupling within the steam chest, making it possible

for the pressure of the steam to keep the slide valve

tight against the face.

The piston is turned right on the piston rod which

serves as an arbor. This insures accuracy in the finished

job. The piston is packed with wicking in the groove

turned for it.

The crankshaft requires special attention as it pre

sents some difficulties to the uninitiated. Two methods

of construction are permissible. One is the solid forging

construction and the other the built-up shaft method.

The latter only will be considered here as it is believed

the former is well understood by those who are capable

of handling it.

The crankshaft may be made with crank webs at 90

degrees or 180 degrees. The model pictured has the

90-degree crankshaft which presents the advantage of no

dead center. However, such a shaft is unbalanced and

when the engine runs at high speed the vibration is rather
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excessive. The ISO-degree shaft obviates the latter diffi-

culty but introduces the unfortunate dead center when

the two pistons are at the extremes of their travel. How
ever, it is for the builder to decide which of the two evils

is the lesser. To beat them both, he has only to add a

balancing weight to the crank web opposite the pin.

The built-up crankshaft is constructed of cold rolled

steel for the webs and steel drill rod for the shaft and

pins. The webs are laid out, centers punched, and holes

drilled %4 inch under % 6 - The drilling may be clone in

the lathe, the work being held against the tailstock drill

pad and the drill in the lathe chuck. For convenience in

handling, it is well to drill all holes in the bar of steel

before it is cut to form the webs. The holes must be very

carefully laid out and center punched.
When the drilling has been finished, the bar may be

cut up into the four pieces forming the webs. These

pieces may be stacked and a piece of cold rolled stool

passed through one set of holes to line up the pieces. A
clamp may then be put on and a %o-inch reamer run

through the uncovered set of holes. The latter may then
be filled with a second piece of rod made for an easy push
fit. The first rod is then removed and the reamer run

through that set of holes. The webs are then to be as-

sembled on an arbor, placed first in one set of holes and
then the other, so that a lathe cut may be taken off the
ends. This will finish the webs nicely.

The final assembly should be upon the %6-inch drill

rod forming the shaft and wrist pins. This rod will be
a very snug fit in the holes, and before the shaft is assem
bled the web pieces should be removed from the arbors
and heated, on a piece of wire, in a Bunsen flame until

they just begin to turn blue. While hot, they are placed,
by means of tongs, on the cold shafts in exactly the posi-
tions they are to occupy. The shafts should previously
have been marked plainly for each web. While the webs
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y will bo an easy twist fit on the shafting;

&quot;&amp;gt;ooU however, they will contract upon the

that it will. l)o all but impossible to turn the

the hole.

\ job has cooled, holes may be drilled through.

I through the shaft it encloses for small steel

/ 1 11 finish the job of locking the parts together.

pins have been driven, and not before, the

shafting may be cut away, leaving the eom-

ihaft ready to bo finished up either between

t4 or with a fine file. The cleaning up opera-

ly on( k of romoving the burrs of the hacksaw

a.way the extra shafting from between webs.

iplotos the machine work of importance. The

,&amp;lt; Is, lly-whool, &amp;lt;

k xhaust and inlet pipes, elbows,

% all simple pieces ol! work that need not bo



CHAPTER XIII

FLASH STEAM PLANTS

How flash steam plants operate Description of the various parts and

fitting employed in a flash plant Begulation of the water supply
Lubrication Difficulties in adjustment Gasolene burners for flash

steam plants.

Flash steam plants are more adaptable to the pro
pulsion of model steam boats than ordinary &quot;pot&quot; boil

ers, as they generate steam more rapidly and are there
fore able to furnish more power to the engine. Although
somewhat more unwieldy to handle than ordinary boilers
and somewhat difficult to adjust, they are, nevertheless,
preferred for model speed-boat work. All the present
records are held by boats propelled with flash steam
plants, which alone is enough to indorse their use.

The average American model maker is not very
familiar with the operation and construction of flash
steam plants and the following paragraphs are devoted
to the method of operation and the general features of
construction.

The illustration, Fig. 112, shows a complete flash
steam plant and the method of connecting the various
parts. The small tank shown at A is used to hold the
gasolene which is fed to the burner C. The gasolene
passes through the vaporizing coils, which are wound
around the outer surface of the burner. The nipple at
the end of the vaporizing coils has a very small aperture
through which a fine spray of gasolene passes into the
cylinder of the burner, where violent combustion takes
place, and the flame produced shoots forward into the
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boiler coils, which contain the water. The gasolene burner
is very simple in construction and is automatic in its

operation after being started. The gasolene from the
fuel tank, in circulating through the vaporizing coils

?

becomes hot and its vapor pressure is increased to such,
an extent that it conies forth with considerable force

through the small opening in the nipple. A valve is

placed in the fuel tank to cut off or regulate the supply
of gasolene. The small opening and cap is also fitted to
the tank through which it is filled. The tank can either
be made of sheet brass or copper and all joints should be

il _ _.
.... ... _.._ _

j

Fig. 11S-A gasolene blow torch for a flash-steam plant

silver soldered. The vaporizing coil should either be

f\I C PPer tuWng &amp;gt; Pref^kly teel. The

^ mueh the same way as
The valve in the fuel

* 1S rUH^ the burner -

very smoky flame results bnt as this
, the

vaporizing coils become heated and the
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Hame gradually changes to an intense blue and produces
a great amount of heat. After the burner is operating
satisfactorily, the feed valve on the fuel tank is opened
full. After a few minutes of operation, the engine will

be ready to start and it is given a few sharp turns to start

the main water pump, shown at E in the drawing. The
gasolene burner can also be heated by means of another
burner to start it

The water pump E is generally geared to the pro
peller shaft with a ratio of 5 : 1, but this may vary with
the stroke and bore ol; the pump. It is the purpose of

this pump to start and maintain the circulation of water

through the boiler coils. A hand starting pump is also

included in the e&amp;lt;jnipment, and this is shown in the draw

ing at F. If the equipment is provided with a hand start

ing pump, it will not be necessary to twist the engine
shaft to start the main water pump E, as the initial pres
sure of water can be raised by the hand pump, thereby

obviating the necessity of turning the engine over, which,
in some eases, is rather a dangerous thing to do, as the

engine is apt to start off and catch the operator s fingers

in the mechanism. It must be remembered that the

cmgine starts with, a rush and has considerable force

behind it. When the hand pump is used in starting, the

engine is placed at its dead center. It will be seen from
the 1

, drawing that both the hand pump F and the main

water pump E obtain their supply of water from the res-

ervoi r (i The water is taken from this source and forced

through the boiler coils. The water is only able to pass

through the main pump E in one direction, as the valves

provcmt it from flowing backward,

When the water from the pumps reaches the boiler

coils, through the center of which the gasolene flame is

burning, it instantly &quot;flashes&quot; into steam and by the

time this steam has reached the end of the coils toward

the engine, it has become highly superheated and imparts
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maximum power to the piston of the engine. When the

engine is starting, it is sometimes advisable to manipu
late the hand pump, as this assists the main water pump
to pick up and produce maximum pressure in the water

flow. After the engine is working satisfactorily, the

small hand pump F is cut off from the rest of the system
by means of a valve shown at H. The engine is now
able to drive the water pump E, which is powerful enough
to produce the necessary flow of water in the boiler coils.

The engine is also required to drive the small oil pump
which is shown at I. This pump is supplied with lubri-

SUPPLY COCK

Kg. 114 Drawing of a gasolene torch for a flash-steam boiler

eating oil through the reservoir M. The gear ratios of
the pump gears are shown in figures on the drawing,
and it will be noticed that the oscillating motion of* the
pump piston Trill be very slow. Owing to the fact that a
small amount of solid matter contained in the oil would
prove fatal to the successful operation of the engine a.

copper gauze strainer is used in the tank and the oil must
pass through this before it reaches the feed pipe at the
bottom of the tank. Solid matter is thus prevented from
foukng the engine. The oil pump produces a dischargeof oil in the steam supply pipe from the boiler coils. The
lubricatog oil is thus mixed with superheated steam just,before it enters the cylinder of the engine. The lubri-
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eating oil used should be rather viscid so that the high

temperature of the steam will not cause it to become too

thin and burn.

Attention is again drawn to the water reservoir. The

capacity of this is not necessarily large ;
on the contrary,

it is quite small. It will be noticed also that the water is

first filtered through a copper gauze strainer before it

reaches the feed pipe of the pumps. This prevents trouble

that would be caused by solid matter in the water reach

ing the pumps. Due to the fact that the water reservoir

Fig. 115 A double gasolene turner

is placed below the water line of the boat, it will remain

full when the model is at rest. &quot;When the boat is in

motion the water reservoir is kept full by the scoop shown

at J. The rapid forward motion of the boat tends to

force water upward through the scoop into the tank,

thereby keeping it full. A small overflow pipe is arranged

at the top of the tank and this discharges over the side

of the boat. The overflow pipe also provides an escape

for air when the boat is first placed in the water.

A covering is made for the boiler coils and burner and

this is usually shaped out of steel and prevents draft
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from deflecting the flame from the center of the boiler

coils. The steam exhaust from the engine cylinder is led

to the funnel on the covering of the boiler coils, where

it discharges into the outer atmosphere. This tends to

produce the proper circulation of air in the covering,

so that the burner obtains a sufficient supply of oxygen,
for its most efficient operation. The check valve in the

water supply pipe shown at K prevents water from re

turning if the delivery valve in the main pump does not

function properly. The relief cock shown at E is opened
when it is desired to stop the plant. &quot;When the relief cock

is open, the water and steam pressure of the system is

relieved. All the joints, cocks and valves of the water

system must be absolutely air and water tight to produce
an efficient plant, as the least leakage will seriously im

pair the successful operation of the device, as the press
ure is very high throughout the entire system. This pre
caution will not be necessary with the oil-feed system,
as the oil used is very heavy and no trouble will be ex

perienced by leaky joints if ordinary care is exercised in

making them. The water pumps for use with flash steam
systems are always provided with mushroom valves.

Such valves are more reliable than the other type, and
their use is strongly recommended.

After a flash steam plant is started, it will work auto

matically, providing all the parts are in good running
order. The blow-lamp heats the boiler coils and these in
turn generate superheated steam which is fed directly
into the engine cylinders.

Flash steam plants, however, are very difficult to get
to the proper adjustment, and when once adjusted are
very easily put out of adjustment by minor causes. Being
that every square inch of surface in the flash coils is heat
ing surface, the amount of water supplied to the boiler
must be exactly what it requires. The heat must also be
regulated so that the temperature of the steam will be
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of just the correct value for the engine s needs. Being
that the steam is highly superheated before it enters the

engine, the valve and engine parts must all be made of

steel to withstand the severe attack of the heat. An in

crease of heat causes the temperature of the steam to rise

and also increases its expansion. Many times the tem

perature of the superheated steam is so high that it will

&quot;burn up the lubricating oil before it reaches the cylinder

of the engine. &quot;When the lubricant becomes ineffective

the results are apt to be very disastrous to the en

gine, as great friction is caused and seizing is apt to

occur.

If the heat of the burner falls off for any reason, the

steam is not raised to a sufficiently high temperature and

will not be thoroughly dry at .the time it enters the cylin

der of the engine. When this condition occurs, the boiler

coils are unable to vaporize the water that is circulating

through them from the pump, and in a short time the

boiler floods and the engine is fed with a large percentage

of water in place of steam. It is necessary that a flash

steam plant, to operate successfully, must be supplied

with exactly the amount of water, heat and steam it

requires in operation. Thus, it will be seen that to obtain

the maximum power from such a plant adjustments must

be made very accurately and with great care.

For model power boats, flash steam plants are much

.more successful and efficient than ordinary pot boilers,

as they generate greater power for given weight and fuel

consumption.
It will be understood that it is almost impossible to

heat a flash steam boiler by any method other than the

gasolene blow torch, as the flame from this completely

covers the surface of the entire boiler coils.

Flash boilers can also be made with double coils and

in this case it is, of course, necessary to employ twin

burners to fire them with. Double coil flash boilers are
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capable of developing considerable power and are very
suitable for racing craft of the larger type.

It is necessary to encase all flash, boilers with Russian

iron which prevents heat radiation and also protects the

flame from drafts. The inside of the Russian iron casing-

should be lined with asbestos.



CHAPTEE XIV

A FLASH STEAM PLANT FOE LARGE MODEL AIRPLANES

A description of the engine and what it is capable of doing Machine

work necessary to finish the engine A flash steam plant for the

engine and how to make it.

In view of the great activity recently evinced in the

designing of model power plants for aviation and other

purposes, this compact and efficient power plant shonld

prove of considerable interest. Providing as it does a

self-contained plant of sufficient power to make it emi-

Fig. 116 The four-cylinder steam engine assembled

nently practical and of great utility, the construction of

this engine at once supplies the model maker with a

most interesting project, and furnishes him with a

reliable source of power. While no special effort was

made to secure lightness, as the engine was originally

designed to propel a canoe, for which purpose it has

proven perfectly successful, the power plant is not too
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heavy for the large airplane model which it would be

capable of driving, and would undoubtedly prove an ideal

solution to the propulsion problem in connection with

such a model. In fact, the author considers that it would
vindicate the employment of steam vs. other prime mov
ers in whatever field in which it might be put, and in

addition, the construction alone would be of sufficient

Fig. 117 The four-cylinder engine and its flash boiler

interest to repay the model maker for his expense and
labor.

The engine, which will deliver a maximum of about
&amp;lt;.% H.r., utilizes steam from a flash boiler in four single-
acting, radially disposed cylinders. From the standpointof compactness, there is little doubt that this arrangement
is superior to any other, and a great simplification of

tatiLl 7Sm
f

a
!
S SeCUred ** tMs case the distri-

bution of steam to the four stationary cylinders which
are, of course, at an angle of 90 degrees to each other, is
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effected by means of a rotating member flexibly coupled
to the crankshaft and revolving in a casing connected with

the steam supply and with the cylinder heads. This mem
ber carries on its periphery two ports, one, communi

cating continually with a small chamber under pressure
from the boiler, serves to admit steam to the cylinders in

succession as it passes the ends of the pipes connected

with the cylinders, and is of such length as to cut off the

admission of steam to the cylinders after about 20 degrees
of the inlet stroke; the other port is in communication
with the atmosphere by a series of holes and permits the

cylinders to exhaust during about 80 degrees of the

stroke. The general appearance of the engine is conveyed
by Fig. 118, The four pistons are all connected to a sin

gle crankpin by means of a disc rigidly affixed to one con

necting rod, and carrying supports for the other three
rods on which they may pivot slightly as the crankshaft
revolves.

One of the most unique features of the engine de
scribed below is that no castings are required ;

all parts
being made either of cold rolled steel or brass stock.

The erankcase of the engine is constructed first. This
particular part is shown clearly in the detail sketch,
Fig. 122. In bending the stock, care should be exercised
as this forms the foundation of the whole machine and
any inaccuracy here would be fatal to the successful oper
ation of the engine. The joint in the case is dovetailed
and while this may appear difficult to accomplish, it is the
only practical procedure. After the joint is accurately
cut, the case is scalded in boiling water to remove all
greasy substances from its surface. After this, the joint
is silver soldered in a smokeless forge fire.

The bosses, which hold the cover plates of the crank-
case to the case proper, are riveted to the sides as shown
ni Fig. 122. After the cover plate is drilled, it can be
held in place on the case and used as a jig to drill the
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#les in the bosses. A %2 drill is used and the holes

^pped out with a y8-40 tap.

The holes in the crankcase, over which the cylinders

0t, are bored out on a lathe as it is impossible to do this

a drill press owing to the light weight of the stock,

main bearings are bronze, split and held in place
a flange and nut. The beariiigs should be carefully

med out with a hand reamer.

The crankshaft is worthy of mention on account of

difficulties involved in making it from a single piece
stock. A piece of stock measuring % x 1% x 6 inches

,,... .,
,-,A.w*.wM

Tig. 119 The fuel tank for the gasolene burner

will be needed. After cutting out the rough form with a

3aack saw, the main shaft is turned to diameter. The

crankpin is turned down next, and, after this is done, the

inside of the webs are faced off.

The cylinders are turned from 1%-inch square cold

rolled steel stock and a square flange is left on the base.

The cylinder bore should be finished carefully with a

hand reamer to insure accuracy and high compression.

The pistons are turned out of 1%-inch cold rolled steel

rod. The stock is turned down to 1% inches and a 1-inch

hole bored out to a depth of x%6 inch. After the holes

to accommodate the wrist pins are drilled the contact

of the piston should be carefully polished.
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The connecting rod is made of two pieces one of

brass and one of steel. The cross piece is cut from brass

and drilled with a %-ineh drill. Only three of the con

necting rods are made identical
;
the fourth being differ-

Fig. 120 The engine with a propeller attached to its shaft

ent at the lower end where it is fixed to the master
bearing.

The lower bearings for the three connecting rods are
cut from brass stock to a diameter of% inch and drilled

eccentrically with a %-mch drill. The bearing on the
fourth or master connecting rod is made from a piece of
square brass stock with a semicircular cut in one end
where it rests on the crankpin after it is fitted into the
slot of the master bearing. Both the bearings and cross
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ses are secured to the connecting rods by means of

er solder.

The valve casing is turned out of steel to exact diam-
- with a shoulder at one end to hold the distributor

&amp;gt;laee. The interior of the opposite end of the valve

5 is threaded to accommodate a face plate which is

led in the center with a ^4-inch hole for the steam

-.ORDINARY TIRCVALVC

FILLING. CAP

da

J

Fig. 121 Drawing of the fuel tank for the gasolene torch

t. When the plate is screwed in place, there should

i -small space between it and the distributor to act as

beam chest. A small spring is also placed between

plate an! the distributor to keep the latter against

shoulder. The steam pipe from the boiler is con-

ted with the face plate by means of a small flange and

r screws, interposing a leather gasket. The distrib-

ig element should be made to fit the case as perfectly

possible, as a poor fit will cause leakage, which will

ace the efficiency of the engine.



Fig. 122-Details of the four-cylinder steam engine
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Fig. 123 Details of the four-cylinder steam engine
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The distributing tubes are bent by first filling them
with either lead, sand or resin preferably lead for a real

good job the filling being tapped or melted out after

bending. One end of each distributing tube is furled to

make a steam-tight joint where they are connected to the

tubes on the valve case by means of unions.

I All parts of the water pump are made of brass with

the exception of the frame and clamp which are of sheet

steel. The pump proper is held in place by forcing it

between the sides of the clamp which is depicted in the

detail drawings, this being riveted to the frame. The

gear on the pump meshes with the one cut in the crank-
*

shaft; the ratio being 4 : 1. The pump discharge is con-

] nected to the front end of the inside coil of the boiler.

|

. Having constructed the engine, the next consideration

is, of course, the boiler. &quot;Where compressed air in large

quantities is available, this makes a satisfactory siibsti-

|
tute for steam and, except for the cooling effect due to

j

its expansion, is probably superior to steam. But it

i should be borne in mind that the quantity of air required

jj

for a motor of this size is considerable, and it is vital

\
that a heavy supply be available. The sajme is true

I
regarding carbon dioxide and similar propulsion medi-

;* urns; they are admirable for testing purposes, but the
I large consumption of the engine renders steam the most

practical operating fluid. It should be mentioned in this
connection that in an engine having as high an expansion
ratio as this one, the cooling resulting from the employ
ment of gas compressed in cylinders, as in the case with
COs, becomes serious.

The boiler, shown in Fig. 124, is of the flash type, and
is supplied with water from, a suitable supply by the
engine pump described above. The coil is double and is
constructed of %-ineh copper tubing. This is wound on
a mandrel, slightly under 1 inch in diameter, to the length
of a foot. When completed, the coil will spring open snffi-
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ciently to allow its removal from the mandrel, and will

now be of the correct diameter, although some latitude

in this respect is permissible. Some heavy gauge sheet

brass is wrapped around this coil to bring its diameter

up to a scant 2 inches, and the outside coil is wound back

over this. The brass is withdrawn after the operation.
A easing of galvanized sheet iron 20 inches long is

wrapped around the coils as shown in the drawing, which
also shows the connections and makes the general assem

bly clear. A cone 3 inches long is affixed to the front of

the casing. The burner is a gasolene torch on the familiar

Bunsen principle, and is supplied with fuel from a small
tank under air pressure, applied with a tire pump. The

preheating and vaporizing coil is of i/i-inch seamless steel

tubing, given a few turns around the main burner tube
of 1-inch steel tubing while red hot. The main tube is

about 4 inches long and is fitted at the back with the fuel

nozzle and perforated air supply plate shown in the
detail drawings. The framework around the casing is

of i/4-inch square cold rolled steel stock, and the case

may be fitted with, sockets in which suitable supports
can rest.



CHAPTEE XV

A PLASH STEAM PLANT FOB SMALL MODEL AIRPLANES

Operation and design of the engine How the engine is made Design

for a six-cylinder engine working on the same principle Descrip

tion of a flash steam plant to drive the engine.

The development of a suitable power plant for very

small model airplanes has long been the ambition of a

great many model enthusiasts. To the advanced model

maker there is not a more interesting and fascinating

branch than that of model airplaning.

The use of steam as a motive power for airplanes is, as

we all know, a very old idea, having been first attempted

by Stringfellow in 1846 in England, by Langley in 1896 in

America, and of late years by Messrs. W. 0. Manning,

H. H. Groves, and V. E. Johnson in England. The experi

ments of these last three gentlemen, as recorded in the

Model Engineer and Electrician, have been a great

incentive and also exceedingly helpful and instructive to

the writer in the development of the flash steam plant

about to be described.

Fig. 126 shows the general arrangement of the engine,

boiler, fuel container, and burner.

The engine is of the single-acting rotary type, having

three cylinders the bore % inch and the stroke % inch.

The cylinders are of Tobin bronze, bored out quite thin,

and supported radially from the valve by hollow columns

on one side, and by the propeller bracket on the other.

Needless to say, the valve is of the rotary type which

admits steam to each cylinder successively as the pipes,

or supporting columns, pass over the inlet port. As

shown in Fig. 130, steam is admitted during 50 per cent

187
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of the stroke, or while the engine revolves 90 degrees;
then the cut-off takes place and the engine works on the

expansion of the steam during the next 90-degree turn.

Fig. 125 The three-cylinder engine mounted on a model airplane

The exhaust port is then uncovered during practically
the entire return stroke of the piston.

The valve also forms the main and only bearing on
which the engine revolves, and is made in a taper form
so that any leakage or wear may readily be taken up.The crank is screwed and locked on the end of the valve
This allows the former to be set for either direction of
rotation, and for the timing of the steam inlet and cut-off.

All joints and pipe connections are silver soldered
as soft solder would soon melt out under the high tem
perature at which the engine operates. The propeller
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jnounting consists simply of a star-shaped piece of

%4-inch steel brazed to the cylinders, and the propeller
Is held to this by means of a screw and nut. Three driv

ing pins are set in the plate, which assures a positive
drive to the propeller.

The weight of the engine alone is 3% ounces. This

light weight for an engine capable of developing a quarter
liorse power can be obtained only in one of the radial

. 126 The complete power plant

cylinder types, because of the absence of a long multi-

throw crankshaft with its correspondingly extensive

crankease and bearings.
The flash boiler was made from 8 feet of %-inch inside

diameter copper tubing wound up on a tapered mandrel
The over-all length is 7% inches, being 1% inches in

diameter at the burner end and 1% inches at the tail end.

The super-heater consists of two loops of the same mate
rial placed in the center of the coils, one end of which is

&quot;brazed to the latter, and the other end fitted with a
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screwed connection for the purpose of connecting it to
the hollow crankshaft of the engine.

Water is supplied to the boiler at the big end of the
coils from a force feed pump, which is driven by the
engine through a train of gears, giving a reduction of
5 to 1. As shown in Fig. 128, the crank pin may be set at
various radii, thereby altering the stroke

; i.e., the amount
of water pumped to the boiler. A very rigid and light

Pig. 128 How the pump is geared to the engine

frame was constructed of umbrella ribbing for the pump
support and its gearing. The pump piston and cylinder
are made of brass, the former being about % inch in
diameter and is fitted with two packing rings. Bronze
balls are used in the check valves to prevent corrosion
and sticking. A good seating for these valves is obtained
by placing a steel ball of the same diameter on the seat
and tapping it lightly with a hammer. To limit the move
ment of the balls, a brass pin is sweated in the side of the



Steam Plant for Small Model Airplanes 193

housing which projects into the water passage at

point slightly above the balls.

The fuel container is made in a stream line form
brass foil .007 of an inch in thickness. There are

compartments, one of which contains 2 ounces of

&amp;lt;risolene ?
the other 4 ounces of water. Allowance is made

ixi the gasolene reservoir for a small air space, so that a

Alight air pressure might be generated by means of a

pump in order to start the torch.

The vaporizing coils around the nose of the burner

of light gauge brass tubing. Thin steel tubing is

for the Bunscn tube. A priming tray was beaten

Cut-off \r&amp;gt; groove-

po rfc .

Fig. 129 The engine hub

out of &quot;brass foil and supported from the burner by a stiff

wire, which was brazed at points indicated in the sketch.

The speed of the engine is largely dependent upon the

intensity and amount of heat. To start the plant, the

water container is completely filled through the opening

at the top. The gasolene container is then filled half Ml
and then given one or two strokes of a hand pump through

tlie check valve which projects from the front of the

container.
The needle valve at the burner is then opened long

enough to allow the gasolene to drip from the spray noz

zle and thence to the priming tray. Half a teaspoonful

Is sufficient to heat the burner. When this is almost com

pletely burned out, the needle valve may be opened and
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the burner will start off with a terrific roar. It is then

necessary to start the water into the coils before they

become overheated. By turning the propeller over sev

eral times, the pump is set in operation and the water is

giyr&amp;gt;y _f&amp;gt;ift.

VflLVE.

Fig, 130 The rotary valve design for the three-cylinder engine

forced into the hot coils. Considering that the coils work
at a red hot temperature, the value of the steam pressure
often runs up to between 200 and 300 pounds per square
inch.

When the plant is on test, a perforated asbestos casing
is placed around the coils and the burner opened wide
so as to allow the flame to extend the entire length of
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the coils. After the first flash of steam reaches the en

gine,
it is time to keep clear of the propeller, as it will

speed up very rapidly. It would probably be disastrous

to the engine to allow it to run light on the flash boiler

at full pressure, when 60 pounds per square inch will spin

it up to 3,500 R.P.M.

It is very necessary that the engine be lubricated con

tinuously, otherwise the high temperature of the steam

would soon cause it to run dry and seize. This is accom

plished by a gravity oiler in the steam line shown in

Fig. 126, between the engine and boiler. There are two

pipe connections to the reservoir, one of which serves

to equalize the pressure on the oil and the other as the

feeder outlet. A small pointed screw is fitted in the out

let in order to regulate the rate at which the oil drops

into the steam line. This adjustment is made through the

filling hole at the top of the reservoir.



CHAPTEE XVI

A MODEL STEAM TURBINE

Description of the design used Machining the parts Forming die foi

turbine buckets.

In designing and constructing a model turbine engine
the model engineer is confronted with several problems
which do not have to be taken into consideration wher

dealing with a reciprocating engine. The most important
of these are: The high speed; the balancing of motive

parts, adequate bearing and a positive oil supply. In

the design here given, these details have been carefully
worked out, yet the construction is such that it will not

be found difficult of accomplishment by any amateur pos
sessing a small lathe fitted with a plain slide rest.

In the turbine engine the principle that &quot;Action and
reaction are equal&quot; is most practically demonstrated.
The most efficient turbine engine is the one having a com
paratively large number of buckets, but to secure this in

a model the size of the one here shown, it would be neces

sary to turn out the motor wheel with a solid rim, like

the flywheel of an engine, and mill out the buckets from
the solid metal using an end milling cutter for the pur
pose. This construction would necessitate the use of

special facilities with which few amateurs are equipped.
Drawings A and B, Fig. 134, show the complete model.

From these views it will be seen that the steam inlet is

cast as a boss on the side of the casing instead of being a

separate piece, for which a hole would need to be drilled

diagonally through the casing. The exhaust steam passes

put
at the bottom of the casing, which facilitates- the keep

ing of the interior free from water. The reduction of

198



A Model Steam Turbine 199

speed is accomplished by a worm wheel mounted on the

turbine shaft and engaging with a gear on the driving

shaft. This permits of a reduction of 20 to 1, yet allows

an increase of speed if so desired, by substituting a

smaller gear on the driving shaft. The side thrust of the

Pig. 133 The complete steam turbine, showing its comparative size

jet of steam on the turbine wheel is offset by the thrust

of the worm wheel on the gear of the driving shaft.

The shaft of the turbine wheel is made as long as

possible, and the outer end supported in an outboard

bearing. Each bearing is fitted with an oil ring and res

ervoir. &quot;Where the shaft passes through the easing, a

stuffing box and gland is introduced. As the pressure at

this point is only that of the exhaust steam, a piece of

felt or candle wicking will be sufficient packing to use.

The construction of the turbine wheel will be consid

ered first. This piece of the model requires to be very
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Carefully constructed, and when completed, the wheel

should Toe in perfect balance. The design requires forty

vanes or buckets arranged aronnd the circumference of

the wheel. Fig. 140 shows in detail the construction of the

wheel. This wheel is made with a solid web between the

hub and rim, instead of being spoked ;
the reason for this

being that the entire surface of the wheel may be turned

up true to make it run in perfect balance. The ^-inch

shaft of the model is too small to use in truing up the

rough easting of the turbine wheel
;
it is therefore advis-

Fig. 135 The turbine, showing the exhaust port

able to drill and ream the hub of the casting % ^of
an

inch and use an arbor of that size while machining it.

After the wheel is trued up all over and &quot;the rim

formed to fit the buckets, a bushing, % inch outside di

ameter and with a %-inch hole through it/can be made

to fit into the hub of the wheel.

Tills bushing must be carefully made or the wheel

will not run true on the shaft. The bushing is shown HI

Fig 140. The shape of the bucket is also shown in Fig.

140* The lower portion of the bucket is spherical with a

projection which fits into a slot of the wheel. The form

ing of these buckets will be the greatest difficulty that

the amateur will encounter in the construction of the

models.
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To make the tool for forming the buckets, take two

pieces of steel % inch x 1% inches and -about 2 inches in

length. Clamp the two pieces together and drill two 14-

inch holes for guide pins near one end, as shown in Fig.

141. The opposite ends must be squared up and a center

punch mark made on one of the pieces %4 inch from the

edge where the two pieces join. Drill a small hole to a

depth of % inch, using a drill about No. 24 size. With

the two pieces firmly clamped together, drill into the same

hole with a %-inch drill to the same depth and follow

this up with a ball end cutting mill as shown. This can

be made from a piece of %-inch steel and the end rounded

to a spherical form. The teeth can be filed in and the

tool then hardened and tempered. &quot;When using this tool,

it &quot;will be necessary to remove it from the work often and

clear the teeth of the particles of material cut away from

the work. If this is not done, the grooves will fill up and

the cutter refuse to work. When the depression is cut to

the proper depth, a piece of %-inch steel is turned to the

same form as the end of the cutter and inserted in one

of the pieces of steel, as shown in Fig. 141. This can be

fastened in position by a rivet. This forms a punch and

die for forming up the buckets. The material of which

the buckets are made should be soft brass of about No.

26 gauge. This should be cut into pieces considerably

larger than the size of the buckets, say one inch square.
Place the forming tools with the &quot;die&quot; below and lay
one of the pieces of soft brass in position on it. Place

the &quot;

punch&quot; above it on the guide pins, and, holding the

three pieces together, transfer them to a larger vise and

squeeze together firmly. On relieving the pressure, the

sheet of brass will be found in the form shown in Fig.

141, and only requires to have the flat part trimmed away
to make it into a bucket of the proper shape for this

model.

After the required number have beeen formed up, one
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of them should be very carefully laid out and cut to the

size and shape shown in Fig. 140, and this can be used
as a gauge with which to mark out the others. The cross

section of the turbine wheel shows the rim turned out to

form the same shape as the bottom of the bucket. This
can be somewhat modified as shown where the bucket
rests on two projections, one on either side of the rim
and the center cut away on a straight line. The latter is

Fig. 136 The turbine, showing the steam inlet

the easier construction and keeps the buckets in position

equally well.

After the wheel is turned to the required shape, the

slots for the buckets must be made in the rim. If one has

a milling machine or a lathe arranged for plain milling,

the work is very easy. Most amateurs will be under the

necessity of marking off the divisions with dividers and

cutting the slots with a hack saw. The divisions should

be marked off very carefully and the saw held at right

angles to the rim of the wheel when used. After -the slots

are cut in the wheel and the buckets formed and trimmed,

they must be soldered in position. Place the wheel flat

on a level surface and set the buckets in place. If the

slots have been cut with a hack saw, the thickness of the

metal of the bucket will not fill it up. In that case, small

pieces of sheet brass can be cut and set in at the front of
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the bucket When the buckets are all in place, wrap ;

piece of iron wire around the outer ends io hold tlier

securely while being soldered. In soldering a (lame ca:

be used direct on the Avhoel, or it can be done with a tin

smiths copper. Do not use a largo quantity of soldei

All that is required is to lock the buckets while their top

are being
1 turned off to nearly the diameter of the insid

of the flat brass ring which is to surround them.

Before the buckets are turned off, the wheel should b

placed in a permanent position on the shaft. The end

of the shaft should not he turned down to the si /e of tli

bearings, however, until the wheel and buckets are on

tirely finished. The flat ring surrounding the buckets i

made from a piece of 3-inch brass tubing about /n; inc.]

in thickness. This should be placed on a, block of \voo&amp;lt;

which is hold in the jaws of the lathe chuck, or fastono*

to the face plate, and trued up to a, widlh of ~/u\ inch.

In turning down the tops of the buckets, use a sharj

pointed tool and take very light cuts. Turn them dowi

until the flat ring can almost be forced on, then lay th&amp;lt;

wheel down on a flat surface, heat the ring evenly al

around, and it will expand sufficiently to drop over tin

tops of the buckets. If this is carefully done, no solder

ing of the buckets to the ring will be necessary. Tin

shaft and wheel are again mounted in the lathe and th&amp;lt;

wheel carefully turned all over, using a very pointed too

and taking very light cuts. This should put the wheel ii

perfect balance. Lastly, turn the, ends of the shaft t&amp;lt;

the dimensions shown. When the shaft and wheel an

complete and supported lightly between centers, the;;

should stand in any position in which they are placed
Should the wheel revolve, it would indicate that one sid&amp;lt;

of the wheel is heavier than the opposite side. In thii

ease, it will be necessary to balance it by drilling a iov

small holes in the rim of the heavier side.

The casing of the turbine consists of a piece of 3%
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inch brass tubing about ^o inch thick, shown in Fig. 134.

Into each OIK! of this tubing a head is fitted. The tnbing

should be -forced OH a wood mandrel turned to tightly fit

its inside, diameter. Both ends should be trued np paral

lel, ,lea,vhig- the length of the tubing
n

/u&amp;gt;
inch. To the

lower side of this tube is attached the base. The npper

part of the base is turned out, or carefully filed, to fit the

outer curve ot* the. tubing. A boss is cast on one end of

tlw base, and is drilled out to (it the exhaust pipe. Where

tho drill comes through, an elongated hole will be formed

on the- top curve ol* the base. A corresponding hole

should 1)0 marked out and cut through the side of the

tubing, and after the four holes in the feet are drilled,

tin* two pieces are soldered together.

The two heads for the casing cannot be made from

tlw saino pattern without a considerable waste of ma

terial and extra work. For the head on the &quot;steam&quot;

side ol&quot; the turbine J, the pattern should be made with

a straight hub for a chuck piece. This is for the pur

pose oJ* holding the casting firmly in the chuck while it

is turned to fit the tubing; the inside surface turned off;

the oil reservoir finished, and the %-inch hole for the

hearing bored through. All these operations must be

done at one sotting; i.e., the castings must not be dis

turbed iu the chuck until all these operations are finished.

Tliis is absolutely necessary in order that the parts shall

all &quot;lino up&quot;
when the work is completed.

The V,-inch hole for the bearing should not be made

by starting a %-ineh drill and cutting the hole while the

work revolves, for the hole would in all probability run

crocked. Start with a smaller drill, say %e inch, and

when that has been put through, use a small boring tool

in the slide rest of the lathe and true up the hole, taking

repeated cuts until it is almost to the required size, then

run a /i-inch reamer through to finish it. The outside

diameter of the head should be left a trifle larger than
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the 3%-ineh tubing, as it will add to the appearance of
the finished model.

When cutting out the oil reservoirs, turn out the
groove for the brass washer shown in Fig. 140. This
washer is to be soldered in place, but this must not be
done until the oiling ring for the bearing, L, Fig. 139,
has been placed in the aperture and the screw holes of
the heads drilled as will be explained later. After finish

ing the inside of the head, it can be reversed in the chuck
and held by the inside surface of the flange while the

Pig. 137-The turbine taken apart, showing the construction of the rotor

extra part of the chuck piece is cut away and the end
squared up. Two holes are to be drilled into the oil
reservoir, one above, for the purpose of supplying oil,and the one below to be used to drain the reservoir.
They should be drilled with a No. 42 twist drill and
tapped with a No. 4-36 tap. Machine screws can be used
to stop these holes when the model is in operationThe bearing sleeve is clearly shown at L, and a cross
section of the same is seen at J. For this purpose a
piece of brass rod can be used. Two pieces are to be
made, one for each bearing. In addition to the length
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required for the bearing, the pieces should be cut off of
sufficient length to hold in the chuck. When the extra

length is gripped in the chuck jaw, center the end of

the revolving piece with a sharp pointed tool and start

a smaller drill than the size of hole required, after

which the hole is trued up with a very small boring tool

held in the slide rest and finished with a reamer. Next
turn down the outside to 14 inch and square up the shoul

der of the outer end. The bearing is held in place by the

two small adjusting screws as shown in J and L. The

groove for the oil ring can be cut with a file or hack saw,
and the reamer must again be inserted to remove the

burr. The oil ring can be made from a piece of tubing.
The next important operation on this head is to drill

and ream the steam nozzle in the lug cast on the outer

.surface. The line of the center of this nozzle should be

at an angle of twenty degrees with the inner surface of

the head as shown at M and N. M is a horizontal sec

tion cut through the center of the lug. This shows the

manner in which the hole is drilled. The position of the

hole is laid out on the inside of the head as shown at J*

It should be on a direct vertical line with, and I5
A&amp;lt;$

iuch

above the center of the head. Mark the point with a

center punch. When this has been done, a small piece of

metal, shown at N, should be soldered on just outside.

This is to prevent the drill from running off to one side

when it is started. A center punch mark should be made
on the outer end of the lug at the proper point to bring

the finished hole at the proper angle with the turbine

wheel. Against the center punch mark the point of the

back center of the lathe is placed and the hole drilled.

When drilling the hole, the head must be carefully held

up or its weight will break the drill. Use a No. 60 twist

drill The hole is next reamed out carefully with a taper

reamer from the inside of the head. The hole should be

%o inch in diameter at that portion where it emerges



208 . Model Engineering

into the casing. The outer end can be oounterbored from
the outside to fit the steam pipe, and the entrance to the

nozzle from the pipe beveled off as shown.

The other head requires loss work. All the turning
can be done at one setting o!&quot; the casting&quot; in the chuck.

The projection, of the stuffing box on the inside of the

head is to be used as a chuck piece. This is (irmly grasped
in the jaws of the chuck. The outer diameter of the .head

is first turned down to the same size as the opposite head.

The inside flange is next turned, down to the same di

ameter as the inside of the o^-ineh tubing. This can ho

done by using a bent tool in the tool, post of the slide

rest. It can be ganged for size by using a pair of calipers

and setting them to lit the finishing diameter of the I lange

of the other head. The gauging of the piece of work by
the calipers must be done while it stands at rest. Tor if

done when the work is revolving, the tendency will be to

leave the flange too large, as the calipers pass over a re

volving piece of work with greater ease than if sta

tionary.

The outside surface of the head is next turned off true

and the recess for the gland bored out to the proper
size. The small hole for the shaft should next be put

through and this should be done very carefully, as this

will aid materially in the final lining up of the parts
when the model is assembled, as will be described later.

The hole should first be drilled with a smaller drill than

the finished size called for, after which a small boring
tool is used to true up the hole and lit it to the exact

diameter of the shaft of the turbine wheel. The reason

for doing this is that when the outboard bearing of the

shaft is completed and ready to attach to the casing,

the wheel and shaft can be inserted, and this hole in the

stuffing box will hold the shaft in alignment until the

bearing can be set into place and the position of the holes

for the screws marked on the head. When the outboard
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has been fitted, the hole in the stuffing box should

a little so that the shaft will not touch it.
\T^
1:1e packing gland is shown at Q and will not requirex~tended explanation. It should be a sliding fit in

3t\iffing box and the hole should be at least %2 inch
3:r than the diameter of the shaft. Two clearance
3 for No. 2-56 screws should be drilled in the flange

holes to correspond marked off and drilled

3& -The castings for the model steam turbine. The pressed &quot;buckets

are also shown

te head. No finishing is required on the inside of

h-ead.

lie two heads can now be marked off and drilled for

screws which are to hold the casing together. Lay
rx points around the edge of the flange of the head
described J, and mark them with a center punch.

. &quot;these holes through, using a No. 42 twist drill.

n all six holes are drilled, place the flanges of the

lieads together and hold them in position with a

p. The projection of the stuffing box on one head
inter the oil reservoirs turned in the other head. With
:eads securely held together, use one of the holes as a

B for the drill and start a hole in the other head.

must not go deeper than the bevel of the lip of the

Mark the other five holes in the head in the same

aer, after which the two heads can be separated.
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The holes marked should be drilled through with a No.

32 twist drill, this being a clearance hole for a No. 4

screw. The holes drilled with the No. 42 drill are next

tapped with a No. 4-36 tap.

After these holes are drilled, the washer can be

soldered in place to form the oil reservoir in the head J.

The casing can then be assembled with the wheel and

shaft in place.

The outboard bearing should be held in the jaws of

the chuck by the outer end of the hub so that the feet

project toward the slide rest. Rotate the lathe head by
hand and measure with a tool in the slide rest to see that

the piece is chucked so that the feet project equally. With

a centering tool in the slide rest, mark a center in the

revolving hub of the casting, and, using the same size

drill as used for the hole at J, put a hole entirely through

to size it from one of the bearings shown at L.

The oil reservoir is next bored out and the little de

pression made for the washer. The washer, like the

corresponding one in the other bearing, must not be

soldered into place until the oil ring has been placed in

side. The bottom of the feet must be faced off while the

casting is in the chuck, light cuts with a pointed tool be

ing made so as not to loosen the work. The piece can

then be removed from the chuck and the bearing sleeve

fitted. The holes for two adjusting screws are next

drilled and tapped, after which the clearance holes for

the screws are placed in the feet. The bearing can now

be slipped onto the end of the shaft projecting from the

assembled casings and the position of the screw holes

transferred to the casing.

The head must now be removed and the holes drilled

and tapped. The hole in the back of the stuffing box can

be enlarged, as mentioned, and the head replaced. The

worm wheel should next be placed on the shaft in the
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position shown in Fig. 140 and secured by a very small

set screw drilled and tapped into one end of the worm.
The bearing for the driving shaft is best finished by

centering at both ends and drilling the hole when the

casting is held against the back center of the lathe. The
drill used should be a trifle smaller than y inch. Be
careful that the drill does not touch the end of the back
center. When the hole is nearly through, a piece of hard
wood or metal should be interposed to prevent injury to

the drill or center. The hole can then be reamed with a

Fig. 141 Forming device for the &quot;brass buckets used on the rotor of the

steam turbine

reamer, after which it can be placed on a ^4-inch
mandrel and the ends squared up. If desired, the out

side of the bearing can be turned down and finished on
either end. If finish is desired over that portion where
the flange is attached it will be necessary to do this with
a file, as it cannot be turned. The back of the flange
would be filed up flat and parallel to the hole for the

shaft, after which two screw holes are drilled.

The gear wheel and shaft are fastened together by
a pin or screw and placed in position in the bearing.
These parts are then held in place on the casing until

the positions of the screw holes are located. The points
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of the teeth of the gear should not be allowed to &quot;bot

tom&quot; on the worm, yet they should have sufficient contact.

If desired, a small sheet metal oil pan can be formed

to fit under the gear wheel for lubrication and a cover

could be made to enclose all the gearing, but there are

so many who prefer to &quot;see the wheels go round&quot; that

these parts have not been shown. No driving wheel is

shown on the end of the driving shaft. This must be

made of the proper size to give the required speed to

whatever model or piece of apparatus it is required to

drive.

When the final adjustment of the parts is made, the

turbine wheel should run just as close as possible to the

head containing the nozzle, but without touching it. Per

haps the easier way to make this adjustment is to loosen

the screws in the bearing sleeve of the &quot;steam&quot; side and
screw up the adjusting screws in the outboard bearing-
until the turbine wheel rubs against the side of the

casing when the shaft is revolved by hand. Then turn
these screws back a half revolution and carefully tighten

up the screws on the &quot;steam&quot; side until the bearing
sleeve comes against the shoulder of the shaft. Be care

ful that the sleeves are not forced up too tight, as it is

preferable to have a little play endwise on the shaft,

though this should not exceed %4 inch. A stop cock
should be placed on the steam pipe as near the model
as convenient.



CHAPTER XVII

DESIGN AND CONSTRUCTION OF MODEL BOILEKS

Efficiency of model boilers Evaporative power Convection currents

Boiler design Pot boilers Water-tube boilers Marine boilers

Riveting model boilers Super-heaters.

Small boilers to drive model steam engines may be

made according to several different designs. Some of

these are more efficient than others from the standpoint
of evaporative power and some are more adaptable than

others for a specific purpose. As an example, a vertical

pot boiler would not be as successful for use in a model

nnnnnnn.n
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Tig. 142A Showing the path of convection currents in a pot boiler

speed boat as a flash boiler would be and yet, many times,
the flash boiler could not be employed as conveniently
as the pot boiler in certain work. The model maker
should therefore choose the type of boiler that is most

adaptable to the work for which he wishes to use it. The

following paragraphs will describe a few of the more
common types of boilers together with information that

will aid greatly in designing and constructing them.

First, a few words in regard to the efficiency of boilers

215
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in general. Boiler efficiency depends upon the evap
orative power and this, in turn, depends upon several

things, such as the heating surface, the source of heat

and the design of the boiler. The evaporative power of

any boiler, whether model or large, is measured by the

number of cubic inches of water that it changes into

steam during a period of one minute, and from this, cal

culations may be made as to the power of the boiler and

Pig. 142B Showing the path of convection currents in a water-tube boiler

the size of the engine it is capable of driving. Model pot
boilers (about 7 inches long by 3 inches in diameter)
cannot evaporate more than % to % of a cubic inch of

water per minute. This figures out about 1 cubic inch
of water per every 60 square inches of .heating surface.

This efficiency is considered very low when compared
with a tube boiler fired with a blow lamp. Such a boiler
will consume or evaporate as much as 1 square inch of
water per 30 square inches of heating surface. The low
efficiency of an ordinary boiler is due to the fact that it

has a comparatively small heating surface in ratio to its

size. Water tube boilers are much more efficient.

When water is heated in a vessel, violent currents
are set up within the water and such currents are called
&quot;convection currents.&quot; These currents tend to move
from the surface to which the heat is applied. Their
movement in a pot boiler is shown in Fig. 142A.
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The motion and rapidity of these convection currents

is a large factor when the efficiency of a boiler is con

sidered. The faster these currents move, the better the

circulation of the water will be, and this is to be desired.

The boiler shown in Fig. 142B is the type known as

the water-tube boiler and has a greater efficiency than

the ordinary pot boiler because convection currents are

set up in its tubes as shown and these currents permit a

maximum transmission of heat from the fire or flame to
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Fig. 143 A single-flue &quot;boiler made of drawn copper tube

the water. For this reason, boilers embodying this prin

ciple have a much greater efficiency and evaporate power

than those of ordinary design.

A boiler known as the single-flue type is shown in

Fig. 143. This resembles a pot boiler and, in fact, its

efficiency is not much greater. The construction of this

boiler, however, if followed carefully, will give the model

maker much valuable knowledge in practical boiler con

struction, as it embodies all the good features of a well-

made boiler from the standpoint of design.
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The boiler proper may be made of either brass, cop

per or steel. Of the three metals, copper is by far the

most suitable for model boiler construction. In boilers

of small size and for low pressures, the seams and joints

may be silver soldered, but in the larger types it is neces

sary to rivet the parts together. When rivets are em
ployed, they should have a diameter of at least 1% times

the thickness of the boiler plate, no matter what metal

is used in its construction. This procedure will give the

proper factor of safety. The rivets should not be placed

CHECK =^_~ :

Fig. simple water-tube marine boiler

any farther apart than four times their diameter. &quot;When

boiler joints are silver soldered, they are generally
riveted first to hold the seam in place until the solder is

applied. For small boilers, silver soldering is to be
recommended, as it gives a steam-tight seam and will
also withstand considerable pressure without rupture.
In many eases, when a very small boiler is to be made,
the model maker can employ a solid drawn copper tube,
which may be obtained on the open market. Such tubes
are very strong and will stand up under great pressure.
Brass and steel tubes of this nature can also be used.

When metal tubing is used for the boiler, considera
ble care will have to be exercised in putting in the end
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pieces of the boiler, as these are more apt to succumb to

the steam pressure than the tubing itself. There are

several methods of putting the end pieces in. In boilers

with low steam pressure, a metal disc can be cut which

will fit into the end of the tube with a driving fit and,

after it is in place, it can be silver soldered. In no case

can ordinary solder be employed, as when this substance

TO ENGINE
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Fig. 145 A water-tube boiler equipped with a super-heater coil

is heated appreciably its tensile strength is reduced

greatly and it is therefore unable to withstand any great

pressure. If the ends of the boilers are put in place in

this manner, it is very good practice to fix a brass rod

concentrically in the boiler, leaving the ends projecting

and providing them with a nut which will bear part of the

pressure which is exerted on the end pieces. In many

cases, the seams and joints of the boiler may be welded

or brazed, but as this necessitates the use of an elaborate

equipment the average model maker is not able to fol

low this practice. A flanged end plate riveted to the

boiler is much more effective than the ordinary disc and

this procedure is advisable when boilers of a larger type

are constructed. A good substitute for a flanged end

plate is shown in Fig. 150. The ring or strip is riveted

to the boiler tube and the end plate rests against this.

Now that the general procedure in boiler construction

has been outlined, a brief description of several suitable
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types of model steam engines will be given. The one
shown in Fig. 155 is of the marine type and in actual

practice is found to steam very well, although its evap
orating power is not as great as that of a flash boiler.

The boiler shown is of the semi-flash type and being that
it sets very low it is especially adapted to model steamers
as it would help keep the center of gravity low, and this

TO ENGINE
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Fig. 146 A water-tube boiler with a cast waterback

adds to the stability of any craft. It will be noticed that
the fire box is in the shape of a tube which runs through
the boiler. Running through the fire box, at right angles
to each other, are six water tubes upon which the flame
of the blow torch impinges. Water circulates through
these boiler coils continuously when heat is applied to
them. The fire tube should be made of steel as this metal
is less affected by heat, whereas copper and brass oxide
much more rapidly. The water tubes are placed in the
large steel tube by means of silver solder. To make a
more substantial job, the water tubes should be cut a little
long and when they are put in place the ends may be
flanged as shown in the detail drawing of the boiler
One end of the steel fire box is provided with a funnel
which is riveted in place. A small hood also extends out
over the back of the boiler, which protects the flame from
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external air currents. The boiler should be provided with

a safety valve and pressure gauge. A water glass should

also be fitted to the back and the valve placed on the top
to check the steam flow to the engine.

Fig. 146 shows a very suitable type, although it

presents more difficulties in actual construction than the

one previously described. It is necessary to have a cast

ing made for the waterback ring, which is provided with

a flange to which the boiler tube is riveted. The water-^

back ring is provided with six holes drilled as shown in

the drawing. The water tubes are threaded and screwed

into these holes and run from this point to the bottom

DOME:
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Pig. 147 A marine boiler provided with a super-heater loop

of the boiler. The method of fastening them in the bot

tom of the boiler is shown very clearly in the figure. A
hole the size of the tube is first drilled in the bottom of

the boiler and then a steel rod the same size as the tube

is inserted in this hole and the rod is then bent to the

same position that the water tubes will be in. After the

holes are treated in this manner, the water tubes are

Inserted in them and they are silver soldered into place.

This particular part of the construction is very simple,

as the builder will not have to bend the water tubes into

any particular shape. The boiler proper can be made of

solid drawn copper tubing with an internal diameter of

about 2 inches. The copper boiler tubes should have a
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thickness of about % inch and this will give a very high

factor of safety. The back plate of the waterback ring

can be cut from steel and it should have a thickness of

at least 5
/i 6 inch to prevent it from bulging when the

steam pressure reaches its maximum value. The back

RIVET

Fig. 148 A waterback for a water-tube boiler, showing how the boiler

tube is riveted in place

plate is screwed to the waterback casting. The whole
boiler is enclosed in a casing bent into shape from Rus
sian iron and a small funnel is riveted to the top of the

casing to carry away the fumes and gases that are gen
erated by the torch or fire. The inside of this casing of

Eussian iron should be heat insulated by means of sheet

asbestos, which is fixed to its inner surface.

The feed pipe for the engine is attached to the free
end of the boiler and this pipe should be provided with
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a valve. A water glass and a steam pressure gauge
should be affixed to the back plate of the boiler. The cir

culation of water in this particular type of boiler is very

good and for the ordinary model steamer, where great

speed is not sought, this boiler is recommended.

The boiler shown in Fig. 145 is a conventional type
and differs from the others described in that it is pro-
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Fig. 149 Another drawing of the watefback shown in Fig. 148

vided with a super-heater coil. The boiler proper can

be constructed in the ordinary manner and it is provided

with five water tubes bent and inserted as shown in the

drawing of the device. Being that these water tubes are

the same shape it is well to make a small wooden form

to bend them on so that they will all be uniform. It is

also advisable to put. these tubes in place in the bottom

of the boiler before the end pieces are soldered in and
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after the super-heater coil has been wound and soldered

into position in the bottom of the boiler. It will then be

possible to silver solder the joint where the tubes pass

through the boiler on both the inside and outside, insur

ing a good, steam-tight joint. The tubes are arranged
as shown in the rear view of the boiler. The tubes can

be of copper or steel and they should be about %o inch

in diameter for use with a boiler of the dimensions shown.

EDGE, ovte

Fig. 150 A very practical method of fastening boiler end plates in place

The fire box of the boiler is made of Eussian iron lined

with sheet asbestos and provided with a funnel at the
forward end.

A modification of this particular type of boiler is

shown in Fig. 144. The water tubes in this are arranged
in the same manner as those .on the boiler shown in

Fig. 145. This boiler, however, is not provided with a

super-heater coil and is therefore not as efficient as the
one previously mentioned. The entire boiler is enclosed
in a casing made from Russian iron and lined with sheet
asbestos to keep it insulated. The casing of this boiler
is not square, but of the shape shown. A boiler casing
made according to this outline will not have as much
metal in it as one made square and, therefore, some
saving in weight is effected.



Design and Construction of Model Boilers 225

The boiler shown in Fig. 147 is very similar to that

illustrated in. Fig. 155, with the exception that it is pro
vided with a small super-heater loop which runs from
the dome on the top through the water tubes in the fire

box and leaves the front of the casing to the engine. The
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Fig. 151 Casting of a waterback

3 in this boiler are arranged just a little different

than those in the boiler shown in Fig. 155. Three tubes
are arranged vertically while the remaining five are ar

ranged at 45 degrees and cross each other at right angles.
With this exception, the other features of this boiler can
be constructed like that shown in Fig. 155.

The boiler in Fig. 153 is a modified Scott type, which
is a sort of combination flash and tube boiler. The coils

or, rather, the loops of tubing beneath the drum, make
the boiler a very quick steamer and, while its water is

exhausted rather quickly, a pump added to it makes the

outfit a presentable one. As it stands, the boiler holds

sufficient water for a satisfying run in a race or demon
stration. The reader will understancl that this descrip-
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tion is supposed to pertain to the construction of the

boiler, rather than to be a eulogy of its fine points.

The drum is a length of brass tubing 2*4 inches in

diameter and 8% inches long. The holes for the under

loops or tubes are best drilled by packing the brass tube

with a wooden litandrel which will assist in center punch

ing and drilling after the position of each hole has been

marked.

The loops are of standard copper- automobile tubing
of the %-inch size. This material is so delightfully soft

Fig. 152 A complete marine boiler of the type shown in Pig. 147

and easy to work that no particular trouble will be experi
enced in bending it to the required loop-shape. The
reader will notice that the loops are in the form of horse
shoe magnets with one leg shorter than the other. The
loops are placed with the long and short arms alternated
to provide for a natural thermo-syphon circulation of the
hot water through the cold.

To bend the loops, a jig or form should be constructed
of hard wood by sawing out the profile with a jig saw.
This will insure uniformity, which is at least desirable if
not actually essential. The loops are preferably silver
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i

soldered into the boiler drum. This is essential if a gaso
lene torch is to supply the heat.

The boiler heads are of copper discs with the edges

spun over to a tight lit on the drum. They are then

secured with a long stud running the entire length of

the boiler. Finally the joint is made doubly secure against

Fig. 154 The bottom of the Scott boiler shown in Fig. 153

rupture and leakage by careful silver soldering. Care
should be taken to make sure that the joint is actually
&quot;sweated/ i.e., that the solder flows right through the

joint to the inside of the boiler. The proper heat, a good
flux, and a clean piece of work will certify to this con
dition.

From one head of the boiler is taken the safety valve
and super-heater pipe. This super-heater is necessary,
as the steam from this boiler is necessarily wet and unfit
for use unless some means may be found to dry it. The
pipe solves the problem as it conducts the steam through
the hottest part of the fire before passing it to the engine.

Flash steam boilers are entirely different from any of
those previously described in that no actual boiler is

employed, as a coil of small pipe through which the water
is circulated and heated replaces the more conventional
boiler form. The average flash boiler consists of a coil
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of either steel or copper tubing from 2 to 3 inches in diam
eter containing from 8 to 30 feet of tubing. The amount
of tubing in a flash boiler depends entirely upon the power
that it is required to deliver. With a small engine with

a %-inch bore, 10 feet of % 6-inch tubing would be suffi

cient to drive it at maximum power. It is calculated that

30 feet of tubing the same diameter and furnished with

enough heat is sufficient to generate approximately 1 H.P.

Working on the figures given above, the model maker
should be able to construct and design a flash boiler for

any small engine, either single or double cylinder. An
other factor to be considered, however, is the type of

SAFETY VrtLVE.

A J SECTION A-A

Fig. 155 A marine boiler with fittings

engine, whether it is single or double acting, as this has

much to do with the steam consumption.
The boiler coils for a flash steam plant should be

made of steel, as this does not oxidize as rapidly as cop

per tubing and will therefore last much longer, although
there is no serious objection to the use of copper other

than this disadvantage. The steel tubing may be wound
on a wooden form with a diameter of the inside dimen
sions that the tube is to be. The wooden form is held in

the vise and the tube is bent around it. Before this is

done, however, the tube should be put through a process
of annealing so that it will not crack or break while being
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wound. The tube may also be wound over a mandrel on

the lathe, the lathe being turned with one hand slowly

and the tubing guided on the mandrel with the other.

One end of the boiler coil should be provided with a check

valve and the other end is provided with a coupling, by
means of which it is connected to the water supply pipe.



CHAPTER XVIII

MODEL BOILER FITTINGS

Design and construction of safety valves, cheek valves, water eoeks,
water gauges and steam gauges.

The efficiency of a model boiler depends somewhat

npon its fittings, such as safety valves, stop valves, check

valves, et cetera. A poorly constructed, leaky valve or

boiler fitting of any kind is just as bad as a leak in the

boiler and will cause a serious reduction in the working

pressure. Therefore, it is quite, necessary that a valve

or fitting of any kind be made very accurately to insure

maximum efficiency.

Probably the most important fitting on a model boiler

is the safety valve. There are many types of valves,

each with its advantages and its disadvantages. In some

cases, one type of valve is more adaptable for&amp;lt;a certain

boiler than another. A properly designed and regulated
valve will blow off when the critical pressure is reached

in the boiler
;
below this pressure it should not leak or

&quot;weep&quot;
in the least. After the valve functions, it should

return to its normal position immediately- the press
ure has fallen beyond the danger-point. Such a valve is

not very easy to construct, although the model maker, at

first thought, may think that it does not present any diffi

culties whatsoever. In designing safety valves the model
maker must bear in mind the fact that the interior surface

of the valve plug determines the pressure at which it

will bio woff the larger the surface, tl\e lower the press
ure needed, and vice versa.

A very simple type of valve is shown in Fig. 156, at A.

Although this is not strongly recommended for use on
231
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a large boiler, it will be found suitable on the smaller

models working at very low pressure. The working press
ure of the valve is regulated by means of the spring
shown. This is done by moving the nut either up or

down
;
down if the pressure is to be reduced and up if the

pressure is to be increased. The spring should not be
made of steel, as this will corrode and rust by the action

of the steam, and it will be found that brass spring wire
will be the only suitable metal for this purpose. The

body of the valve should screw tightly into the boiler

to prevent leakage, and great care should be taken in

making the seating accurate. The main objection to a

valve of this type is the large area of contact in the seat

ing. The larger the area of contact, the more difficult it

will be to make the seating accurate and steam-tight. The
least speck of dirt or projection on the metallic surface

will cause the valve to leak badly.
A much better valve seating is shown at GL This is

generally known as the &quot;knife-edge
? ?

seating and makes
a more leak-proof valve than that described in the fore

going paragraph. The contacting surface is very much
smaller and therefore the possibility of the valve becom

ing fouled with dirt is much more remote. Another valve

on this principle is shown at D. This is known as the
&quot;

ball-valve
&quot; and is very efficient for model boilers. The

seat is made extremely sharp. The ball is of bronze and

may be purchased on the open market. It is attached to

a spindle, to the opposite end of which is fixed the usual

form of spring. To make this seating as accurate as

possible, a steel ball the same size as the bronze ball is

placed over the valve orifice and given a sharp blow with

a hammer. This slightly concaves the surface of the

valve seat and makes a much better fit possible, thereby

increasing the efficiency of the valve. The body of the

valve may be turned from brass stock.

Valves employing springs are not suitable for model
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boilers of the larger type, as they are not dependable

enough. Then there is the disadvantage of having the

adjusting spring within the boiler. Larger boilers, for

this reason, are generally provided with a weight valve.

Such a valve, together with its various parts, is shown
at E. The &quot;blowing off&quot; point of this particular valve

can be easily regulated by either moving the weight on

the lever closer or farther away from the fulcrum. As
the weight is moved away, the pressure necessary to

&quot;blow&quot; the valve will be greater, and vice versa. Such
valves cannot be used on model boat boilers unless some
method is employed to keep the weight in the position
that it is set in. By carefully considering the drawing,
the reader will find no trouble in setting about to make
such a valve, as it involves no complications, but the

workmanship must be good. Safety valves, as a whole,
are cranky things to fuss with, and they cannot be made
too accurately. They must be absolutely steam-tight and
at the same time they must not stick.

A very good marine safety valve of the spring type is

shown at F, in Fig. 157. This valve, unlike many others

of the spring type, possesses the advantage of being

adjustable from the outside by means of the nipple
shown. A discharge pipe for the exhausted steam is

attached to the side of the valve casing and leads up the
side of the ship

?
s funnel if the valve is used on a marine

boiler. This exhaust pipe should be plenty large enough
to effect a free and easy discharge of the steam. The
proportion shown in the drawing is about right. So
much for safety valves.

There are innumerable designs for model steam and
water cocks, and it frequently behooves the model engi
neer just what type is most suitable for the problem in
hand. The two sketches shown at Gr, in Fig. 156, illus

trate the &quot;

on&quot; and &quot;off&quot; position of a simple one-way
valve. There is one thing that the model engineer should
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always remember in connection with the making&quot; of cocks
;

the moving member should always be of a different metal

than the body. Tims if the body of the cock is made of

gunmetal the plug should be made of brass or bronze.

Bronze and good brass rod also work very well together.

Another point demanding the consideration of the worker

is that the hole in the plug should not be out of propor
tion to the plug itself. The proportion shown at (1 is

about right and if this is departed from it would be better

to make the opening or hole in the
plug&quot;

smaller rather

than larger.

A simple, straight-nosed plug cock is shown at BL

The body of the cock should be inade first and then the

plug can be accurately fitted in so that it will provide
sufficient lap to effect complete stoppage of the water,

gas, steam or whatever may be passing through, it. The
method employed in producing the tapered hole may not

present itself to the reader at first thought, and a few
words will be said in regard to it. The hole is first drilled

with an ordinary drill of the proper sisse and then it is

reamed out with a small tapered reamer made especially
for the work. The conical reamer for such a job can bo

cut from a piece of steel rod and hardened- The end of

the rod that has the taper is filed half round to provide
a cutting edge. Several such reamers can be made up
for cocks of different sizes. The plug is then turned to

shape and properly drilled in a small improvised jig with
a drill the same size as that used to produce the hole in

the body of the cock. The bottom of the plug is filled

square for a short distance and below this it is threaded
to receive a small nut, which holds a square-hole washer
in place on the square portion of the plug above the nut
The purpose of the square-hole washer is to prevent the
nut from tightening when the plug is rotated. Three-way
and four-way valves are often employed in model engi
neering, and such

&quot;types are shown at I, Fig. 157. These
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valves involve practically the same problems as those

met with in constructing the simple one-way cock.

A very simple one-way cock of an entirely different

type than that previously described is shown at J, Fig.
157. This is much easier to construct, as will be readily
seen by a glance at the drawing. The body may be made
of gunmetal and the screw-plug can be turned from brass.

If the threads are cut accurately on this plug, it is much
less liable to leak than plugs made by the other method.
The workman will understand that the plug is turned
from a piece of rod and threaded, after which the handle
is bent over. It may be necessary to employ a small bend

ing jig to do this. Valves of this type are especially rec

ommended for high-pressure boilers.

In some cases, valves of the type described above are

not suitable for use, and the more conventional
&quot;globe&quot;

or &quot;screw-down&quot; valve must be employed. Such a valve

is shown at K, Fig. 157. Owing to the small diameter of

the passages it will be impossible to core them out during
the casting of the body and it will therefore be necessary
to drill them. An especially made tool will have to be

used in making the valve seat. The &quot;needle&quot; is filed

square at the outer end to receive a small hand wheel

with a knurled edge. A valve very similar to this but

with the passages differently arranged is shown at L.

This is easier to make, as the holes are not so difficult to

drill.

A check valve is a valve that will freely permit water

to pass in one direction, but entirely prevents its passage
in the opposite direction, the latter claim being made with

the assumption that the valve is designed and constructed

properly. A check valve of the ball type is shown at M.

The body can be cast and drilled out. A special tool will

also have to be used here to form the valve seating. The

valve proper is a small brass ball of the correct size. The

normal position of this ball is shown, but when water
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enters from the feed-pipe the ball is forced up against the

surface of the small cap. screwed in the top of the valve

body. If, however, water attempts to pass in the oppo
site direction due to back pressure, the ball immediately
returns to its seating and thereby closes the passage. The
course to pursue in constructing this valve is so obvious

that a detailed description of the procedure is considered

unnecessary.
There is probably no other model boiler fitting that

offers more problems to the model engineer than the

water glass or gauge. On very small water glasses, great
trouble is experienced due to capillary action of the water

in the glass tube, as this sometimes entirely overcomes

the gravitational force that would otherwise keep the

water at the proper level that which corresponds with

the level of the water inside the boiler. The operation
of a water gauge is shown at N, in Fig. 157. A simple
water gauge is illustrated at 0, in Fig. 158, and the prin

cipal part of this is a glass tube of small bore bent as

shown. The bending of the glass tube can be done in a

hot flame, and if the builder is not sufficiently acquainted
with, the bending of glass he may call upon some of his

chemical friends. Unless done by an experienced person,
the glass is very apt to kink at the corners. This water

gauge is not suitable for very large boilers. The one

shown at P is a much better design and does not present

any more difficulties in construction. The packing gland
should be put in place very carefully to prevent leakage,
as this is very apt to occur if the steam pressure is high.
Unless the parts are very accurately made, and the holes

in both the upper and lower portion are in perfect align

ment, the glass tube is apt to be broken when it is put in

place. The joints of this device are silver soldered, as
noted in the sketch. A very elaborate water gauge ap
pears at Q. This is especially suitable for boilers of the

larger type. It is provided with one-way cocks at each
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end, as well as cleaning plugs, which are characteristic of

the larger devices. The cocks are provided to check the

water should the glass become broken through accident.

The cock at the bottom is used to clear the glass of mud
or dirt if the water level becomes obscure through this

cause. It is very advisable to fit water gauges with small

guards not only to prevent the glass from being broken
on the outside, but to offer some protection to the oper
ator should the steam pressure become so high that the

glass is unable to hold it. This is not a remote possi

bility, and owing to the very fragile nature of glass, .the

pieces would fly in every direction.

A very simple form of hand force pump for feeding a

boiler is illustrated at R, in Fig. 158. A valuable feature

of this pump is the means provided to limit its stroke.

When used in connection with a steam pressure of over

50 pounds the bore of this pump should not be over %
inch, as otherwise it will be most difficult to operate by
hand owing to the steam pressure that will have to be

overcome. The delivery valve is provided with a %6-inch

projection across the top to obviate the possibility of its

blocking up the passage to the union when it rises. A
small recess is filed at the bottom of the pump to admit

the water.

A more powerful hand pump for use with higher
steam pressures is shown at S. This force pump also has

a greater pumping capacity than the one previously de

scribed. The plunger of this pump is very long and is

provided with several packing glands and double cup
leathers. By altering the length of the operating lever,

this pump can be used on quite high pressures, as the

longer the handle is the greater the leverage and thereby

the greater force the operator is able to overcome.

A simple form of pressure gauge for model boilers

appears at U. This operates on the
&quot;

Bourdon&quot; prin

ciple, i.e., a steam pressure inside a bent tube tends to
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straighten the tube out. Advantage is taken of this
&quot;by

arranging the elements of the pressure gauge as shown.

The higher the steam pressure is in the tube, the more
its tendency will be to straighten out. This causes the

pointer which is connected with the tube to move across

a dial which is properly calibrated to indicate the steam

pressure in pounds per square inch. The writer has heard

of instances where an ordinary automobile tire gauge
was employed successfully to indicate steam pressure on

a model boiler.



CHAPTEE XIX

A EECOBD-BREAKIISTG MODEL HYDROPLANE

The hull of the boat Its flash boiler and twin-cylinder, high-speed
steam engine.

The model described in this chapter* is the result of

considerable experimentation, both in the making of vari

ous types of hulls and power plant equipment. The craft

was really made to bring the model speed boat record

from England to America, and in tests &quot;Elmara&quot; has

Fig. 159 &quot;Elmara&quot; at a thirty-mile clip

shown a speed slightly in excess of 30 miles per hour.
The English record held by the &quot;Evil Spirit

&quot;

is 26.7

.miles per hour.

The dimensions of the hull are as follows : Length
39.37 inches, beam 7% inches, step 1*4 inches, high, sides
forward of the step 4% inches high, sides directly back
of the step, 3 inches high. The distance from the bow

242
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o the step is 17% inches. The weight of the complete hull

3 2 pounds 1% ounces;

Only two materials are used in the construction of

h.e hull aluminum and mahogany. Mahogany is a very

fc:roiig wood, will take a smooth finish and is more or less

Fig. 160 Showing the power plant of &quot;Elmara&quot;

naffeeted by moisture. The pattern of the sides of the

oat are first cut out of paper and this paper is pasted
a a piece of dressed mahogany % inch thick. The ma-

ogany is then cut into shape. The bow piece is cut out

E solid mahogany and shaped as shown in Fig. 164.

Fig. 161 The bottom of the boat

:juare mahogany strips are then cut out and fastened

/the inside of the side piece by means of shellac and

rinch brass brads. The bottom of the craft is made
No. 22 gauge sheet aluminum and this is fastened to

te square mahogany strips, as the sides of the boat are
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only ys inch thick and it would be next to impossible to

fasten the aluminum to these without splitting them. The
aluminum is also fastened by means of shellac and %-inch
brass brads. The shellac tends to make the boat water

tight; while the brads hold the aluminum rigidly in place.
The aluminum bottom does not run completely over the

bow piece, but merely overlaps it sufficiently .to bo fas

tened to it by means of the brass brads. The single step
in the bottom of the boat is formed by a mahogany strip

through which the propeller shaft tube runs and the

water scoop. The back of the boat is also made up of

Fig. 162 -The boiler coil and boiler casing of the power plant

mahogany. A small aluminum hood is bent into shape
and this is fixed to the bow of the boat and prevents
water from reaching the engine and also reduces air re
sistance.

The builder is cautioned to use extreme care in making
this hull, as every detail must be paid attention to in the
construction of model racing boats, and a hull put to
gether carelessly cannot be expected to attain great speed.
Attention must be paid to the most minute details, such
as perfect balance, wind resistance, water resistance, etc.
The wooden portion of the hull should be rubbed down
well and thoroughly shellacked, applying the shellac with
a camel s-hair brush so that it will leave the surface bright





246 Model Engineering

and smooth. The hull of &quot;Elmara&quot; is so designed that
it will plane at a speed of fifteen miles per hour.

While some experimenting has been done with pro
pellers for use on this boat, the best results have been
obtained with a cast aluminum propeller of 3% 64neh
diameter and a pitch of 10.2. When the craft is at full

speed, the propeller turns over at 4,000 B.P.M. The pro-

HOOD

BOTTOM-

Fig. 164 How the Tbow piece is held in place

peller shaft or stern tube is made of %-ineh brass tubing
with brass bushings soldered in at each end. These bush
ings are drilled for a % 6-inch silvered steel shaft. The
skeg is made up from flat and round brass stock and
screwed to the skeg bearer.

The rudder can be made either of brass or aluminum
and is fixed in place so that the boat will run in a straight
course. It will be found necessary to bend the rudder
slightly to one side, as the boat has a noticeable tendency
to turn in the same direction that the propeller is re
volving.

The flash steam boiler of &quot;Elmara&quot; consists of 18
feet of 5

/i6-inch O.D. seamless steel tubing of 22 gauge.
This is wound in a single spiral on a 1%-inch mandrel.
To avoid trouble it is advisable to thoroughly anneal the
steel tubing before it is wound. The casing, which covers
the boiler coil, is bent into shape from 22-gauge Eussian
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j*on. The ends are all lap-seamed and the funnel is

3anged at the bottom and riveted to the boiler casing,

[n making the casing, a clearance of at least % inch

should be left all around the boiler coil. When completed,
;he casing is lined with sheet asbestos having a thickness

&amp;gt;f % inch. The boiler is mounted on a small frame made
&amp;gt;f square mahogany strips.

A little trouble will be had in making the boat keep
t straight course when in operation and the experience
&amp;gt;f the builder has shown that if the propeller is mounted
ust a little off center in the opposite direction to which

he propeller turns this will have a tendency to make the

WOOD

ALUMINUM
BOTTOM

Fig. 165 Showing how the aluminum &quot;bottom is held to

the sides of the hull

oat follow a straight course. The amount of offset

ecessary will have to be proven by experiment, and it

ill be found that very little is necessary.
If the builder desires, the bow piece can be made con-

.derably lighter by boring a large hole through it with

a auger. In fastening the bottom to this piece, the wood
lould be cut away so that the surface of the aluminum
ill be flush with the surface of the bow piece. Otherwise

ie edge of the aluminum will have a tendency to prevent
te boat from planing, owing to the resistance it would
.ve to the water.

The water scoop consists of a small semicircular

.ece of copper tubing with an internal diameter of %

.ch and arranged in the wooden portion of the step.
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The water scoop is connected to a small water tank, which,

will be described later.

Unless the builder is anxious to keep the weight of the

hull down as low as possible, it is advisable to cover the

sides next to the boiler with asbestos or light sheet alumi

num to prevent it from catching fire from the heat of the

blow torch. It is very inconvenient to have this happen

Fig. 166 The twin-cylinder engine used on the &quot;boat

when the craft is in the center of the lake and no row-

boat is hand}7
.

The power plant of the boat is especially interesting

from the standpoint of model steam engineering. It pos
sesses several unique and original features of construc

tion and operation, although a glance at the photograph
may convince the reader that it is nothing extraordinary.

The main castings of the engine are of aluminum.

Only two castings are used in the engine itself the upper
or cylinder portion and the crankcase. The cylinders of
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the engine, which have a bore of ^e inch, are cut from

Shelby steel tubing. The cylinders are reamed out and

lapped before they are inserted in the casting, as shown
in the cross-section drawing of the engine, Fig. 171. The
main casting is, of course, carefully bored or drilled out

Pig. 167 The oil and water tank for the engine and &quot;boiler

so that a good driving fit is made. The lower portion
of the steel tubing is turned to a slight taper and this .

holds the cylinder rigidly in place. The casting is so

made that after the cylinders are in place there will be

a recess around them, and this is made to act as an

exhaust chamber, as will be explained later in connection

with the valve action. The cylinders are provided with

20 auxiliary exhaust ports which are drilled with a

Ko-inch drill and spaced equadistant. At the extreme

limit of the down-stroke, the cylinders uncover these

auxiliary exhaust ports and this places them in commu
nication with the exhaust chamber, permitting about 60

per cent of the steam left in the cylinders to leave. The

drawing shows the one cylinder in the exhaust position

with the auxiliary ports completely uncovered. If the

cylinders project any at the top of the casting after they
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are driven in place, they should be ground off perfectly

flush with the top of the engine, as the cover plate, which

is described later, must lay absolutely flat to prevent a

possible leakage. A small recess y^-inch deep is filed

in the side of each cylinder at the top and the cylinders

are so mounted in the casting that these recesses will

be exactly opposite each other so that they will form a

communication with the steam chest, as &quot;will be explained
more fully in connection with the valve mechanism.

The crankshaft is turned from a solid piece of cold

roll steel. The connecting rods are also turned into shape
from cold roll steel. A split brass bearing is used on the

crankshaft end of the connecting rods and these are held

together by means of two small machine screws, one on
each side. The lower portion of the brass bearing is

counter-bored to receive the round head of the machine
screws used. The screws extend through, both halves of

the- bearing into the end of the connecting rod which is

drilled and tapped to receive them. &quot;While this method

may hold the bearing in place, the original engine has
small pins driven through the upper half of the bearing
into the lower end of the connecting rod. The pistons
are turned to size from cold roll steel and bored out.

This gives a solid piston which is absolutely necessary
with an engine of this nature working on high-pressure
flash steam. A previous power plant of &quot;Elmara&quot; had
an engine with the tops of the pistons silver soldered into

place. One day the engine refused to go and investiga
tion showed that one of the piston tops had come off, the
extreme heat of the flash steam having melted it or come
so close to melting it that its tensile strength fell below
the critical point. It is best to make a solid piston in the
first place as flash steam is unsatisfactory with silver
solder. The pistons are provided with piston rings, and
these are an absolute necessity with the high pressure
employed. Each piston has two piston rings. A hole
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is drilled completely through the top of the pistons to

accommodate the wrist pin, which is a small piece of cold

roll steel rod of the proper size. The ends of the wrist

pin are filed to conform with the internal outline of the

cylinder and finished off smoothly so that they will not
scratch the cylinder walls.

The small brass bevel gear which drives the valve
shaft is drilled and pinned to the crankshaft. Very little

strain in actnal operation makes it unnecessary to key

HAND WATCR PUMP

Fig. 168 The engine, showing the hand water pump and the oil pump

this member to the crankshaft. A small universal joint
is placed on the crankshaft just back of the bevel gear
and this is also pinned into place with as heavy a pin as
the quarter-inch shaft will allow. Owing to the fact that

this universal joint forms the connection with the pro
peller shaft, it has to hold up under considerable force,
as nearly a horse-power of energy is transmitted to the

propeller when the boat is at high speed. This method of

fixing the universal joint to the crankshaft is open to crit

icism, but in the case of the &quot;Elmara&quot; the trouble experi-
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enced with it has been exceedingly small in comparison
with the trouble had from other sources. The universal

joint used is made by the Boston dear Works and is the

smallest stock joint .made by these people.

A
# very special method was employed to hold the

flywheel on the crankshaft The spur gear on the end of

the shaft which, meshes with the larger pump gear is

soldered to a sleeve and the flywheel is drilled out and
reamed so that this sleeve will pass into the hole in the

flywheel with a driving lit. The sleeve is then drilled out

and reamed so that it will (it on the crankshaft with a

Hg, 169 -End view of the engine

driving lit. These members are then mounted upon the

shaft and a hqle drilled through the hub of the flywheel,
the sleeve and the crankshaft. A small steel pin is then

driven in this hole, which holds the flywheel in place, as

well as the spur gear*
The valve will now be explained, together with the

steam chest. The steam chest is formed by a small box
cut out from solid steel and provided with a cover plate
of steel which projects over the aides. The overlapping
portion of the plate is drilled so that it may be -fastened

to the top of the engine by means of the long machine
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screws, as clearly shown in the drawing of the engine.

The amount of the projection should not be made too

great, otherwise the cover plate will have a tendency to

buckle up in the center when the machine screws are

tightened. A hole is drilled in each end of the stream

chest, one for the valve spindle and the other for the

packing gland. The valve spindle guide is turned from
brass. All the remaining parts of the steam chest and
valve are made from steel. The valve is extremely sim

ple and consists merely of a small block of steel with a

recess chiseled in the center as shown. The adjusting*
nut on the valve spindle rests between two shoulders on

the valve so that the stroke of the valve or, rather, its

oscillating motion, can be regulated. After the threads
on the valve spindle are cut, it will be necessary to turn

those on the end of the spindle off that fits into the spin
dle guide. The valve spindle extends through the packing
gland and has attached to its outer end a small slot cut

from steel. The eccentric or valve crank consists merely
of a small steel disc mounted on the upper end of the

valve shaft with a small machine screw placed between
its periphery and center. This screw passes through a

tiny steel block, which fits in the slot on the valve spindle.
The small steel disc has a collar by means of which it is

pinned to the valve shaft. This collar rests on a small

projection on the end of the engine casting which forms
a bearing for the valve shaft. A similar projection forms
the lower bearing. These bearings are not bushed, as
this has been found unnecessary. At the lower end of the
valve shaft, another small brass bevel gear is fixed with, a
steel pin, and this meshes with a similar brass gear that
was placed on the crankshaft previously.

Three slots are cut in the top plate of the engine, one
large one with two smaller ones on each side. The small
ones are the inlet ports from the steam chest, and the

larger one is the exhaust port. The two small slots form
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a passage to the cylinders by means of the two recesses
filed in the top of the cylinders, as explained in a previ
ous paragraph. These slots come directly over the re

cesses, as shown in the cross section drawing of the en

gine, Fig. 171. Between the pistons, and directly under
the larger exhaust port, a i/4-inch hole is drilled. The
exhaust slot communicates with this hole and the engines

Fig. 173 The crankshaft, connecting rods, pistons and water pump
of the engine

exhaust steam therefore comes out at both sides. Be
tween the cylinders and on each side of the engine cast

ing, two %-inch holes are drilled from beneath up through
the casting until they meet the horizontal hole that was
previously drilled between the cylinders. This enables
the exhaust steam from the auxiliary ports to pass into
the regular exhaust of the engine. After these two holes
are drilled, the lower ends are stopped with a brass plug.
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Another small hole is drilled in the side of the engine

casting, which communicates with the exhaust chamber
1

. and this acts as a drip for the steam that condenses Into

;
water. By using this method, lagging on the cylinders

J has been found unnecessary and the efficiency of the

-i engine is not impaired in the least.

- An auxiliary structure of sheet metal holds the pumps
and pumping mechanism to the engine. Two water pumps

&amp;gt; are provided, one being the hand operated pump to start

*

j
the engine with and the other the power operated pump

j driving off the main shaft through a train of two gears.

i The small spur gear fastened to the shaft in front of the

,! flywheel drives the larger gear to which the connecting
* rod of the water pump is attached. The side arrangement

for altering the stroke of the pump is arranged for. An
-

/ arm is attached to the gear, being pivoted to one end

with a screw having a slot in the opposite end through
which the machine screw is passed. In the center of the

arm, the connecting rod of the pump is attached. By
f

J using a set screw on the arm and bringing it either closer
1

j

1 or farther away from the center of the gear wheel adjusts
&amp;gt;

] the stroke of the pump within quite a wide range. The

^ hand water pump is actuated by a large steel lever or

1 handle. H
The larger gear wheel which drives the water pump,

\ is fixed on the end of the shaft, which has one of its

bearings at the opposite end of the engine. Mounted

directly behind the larger gear wheel on the steel shaft

is a worm gear which meshes with a small spur gear
used to drive the pump. The connecting rod of the pump
is attached to the edge of this spur gear, the ratio being
100 : 1. A small pipe leads through the oil pump directly
into the steam chest of the engine, where the oil mixes
itself with the hot steam and is carried into the cylinders

,

,
of the engine. The gears of the power water pump have
a ratio of 5 : 1. The bore of the water pump is 14 inch.
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The stroke of the water pump is variable from % to %G
inch and the bore is % inch. The oil pump also has a

bore of % inch and a stroke of % inch to % inch.

The complete engine is mounted on an aluminum plate

with a thickness of % inch and this is anchored on cross

pieces or bearers in the boat hull. Four machine screws,

one on each corner of the base
?
is used to hold it.

In the design and construction of this engine, the

builder is more or less indebted to Mr. H. H. Groves and
Mr. Westmoreland,,, of England, who are pioneers in the

use of flash steam and whose instructive articles have

appeared in past issues of the Model Engineer.



CHAPTEE XX

A MODEL LAKE FEEIGHTEK

Building the &quot;boat hull The power plant and construction of the deck

fittings.

The model described in this article is that of a bulk

freighter of canal size such as used in the transportation
of grain and ore on the Great Lakes, particularly between
Fort William and Montreal. The overall length of the

prototype is 260 feet and larger boats of this nature are
made up to 650 feet in length.

The hull of the model is 4 feet long overall and the

length between the perpendiculars is 3 feet 9% inches.
The beam at the water line is 8 inches and the draught
extreme is 4% inches. The displacement at this draught
is 401

,4 pounds in fresh water. It will be necessary to
use some ballast on the model in order to bring her down
to the designed water line.

In the following lines only a few general construc
tional hints will be given, as the drawings are complete in

every detail and, with these as an aid, the constructor
will not have much trouble in making the vessel. The
table of offsets which is given herewith should be referred
to constantly, and with this as a key to the complete plan
shown in Fig. 174, the builder will be able to proceed
intelligently.

The hull can be very easily produced by the bread-
and-butter principle. For those who are not familiar
with this method of construction, a few words will be
advisable. The hull is made up of ten planks and each
plank is gouged out with a chisel. The plank which forms
the bottom of the boat is not gouged, but is shaped with
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a draw-knife to conform with the outline shown in Fig.
176. The next plank is gouged out and this is then glued
to the bottom plank and so on until the entire hull is

built up. After the shapes are drawn on the %-inch pine

planks used, the planks are roughed up nearly to shape
with a draw-knife and after they are all produced In this

manner their surfaces are smeared with glue and put
together with small brass brads. The brads are placed
1 inch apart. The hull is then finished with a plane and

sandpaper, being brought to a smooth surface before the

paint is applied.

The deck is made from a piece of ^4-inch pine board
and the hatch openings are cut in this. It will be noticed
that there are seven hatches. Six of these are provided
for loading the hull and the seventh one, toward the
stern of the boat, is much larger than the rest and is

intended for making adjustments on the power plant.
The deck is held to shape and in place on the hull by the
deck beams which are mortised into the side of the hull.

A rub-streak of %-inch square pine is tacked on each side

just below the sheer. The sides of the hatches and covers
can be made from cigar box wood and may be held in

place by means of glue and small tacks.

The deck house, chart house and wheel house, as well
as the bridge, are made of tin, bent and soldered into

shape. The bridge is equipped with spray cloths made of
fine white linen. The port lights in the deck house and
sides of the hull are made of brass and provided with
pieces of mica glued in place to represent glass.

The life boats carried on top of the engine casing are
whittled out of a solid piece of wood and painted white
and properly lettered and numbered. The life boats are
held by means of string to brackets bent into shape from
iron stove-pipe wire.

The engine is of the two-cylinder marine type and
has a 1-inch more and a 1-inch stroke and drives a
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4-inch propeller 3 inches in diameter, with a pitch of 2%
inches. This is fastened to the propeller shaft by moans

of a lock nut. The propeller will be a matter of experi

ment until the best results are obtained. The propeller
shaft is a %-inch steel rod and the stuffing box is turned

from solid brass with a cavity for packing at the in

board end.

The boiler is made from seamless copper tubing and

is 4 inches in diameter by 5% inches long. It is provided

Fig. 175 The table of offsets which should &quot;be constantly referred to

in building the &quot;boat

with one fire tube which is 1 inch in diameter and four
cross tubes % inch in diameter. All the tubes are silver

soldered into place. The boiler is fired by a blow torch

using gasolene under pressure. The boiler is equipped
with a safety valve, filling plug, pressure gauge and water
gauge. The funnel measures 1 inch wide by iy2 Inches

long, and extends 4 inches above the engine casing. The
exhaust steam from the engine is carried up the waste
pipe aft of the funnel. The deck fittings forward con
sist of a steering boom, two bullards, two fairfyeads arid
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four life buoys for the bridge. On the main deck are six

billiards and two cowl ventilators % inch in diameter.
The fore mast is properly stayed and fitted with rat
lines. The main mast is properly fitted and stayed and
the rigging consists of silk fishing line. The rudder of

Pig. 176 Sections of the boat at tlie boiler and the engine

the boat is made of sheet brass and is fitted with a
quadrant.

The^hull
of the model is painted black above the

water line and red below the water line. The deck and
hatches are painted deep maroon and the chart house,
wheel house and engine casing are painted black. The
funneHs painted red with a black top. The ventilators
are painted white on the outside and red on the inside.
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* CHAPTEE XXI
1

^ A SHARPIE-TYPE MODEL BOAT
i

; Making the mahogany hull Power plant Construction of special

\
alcohol burner.

A

n The majority of model boat builders lack the skill

I
to get a block of wood, shape the outside and then get

;1
down to the real job of hollowing it out with gouging

/!
tools to the desired thickness without breaking through,

;A &quot;What is wanted for a model speed boat is a type of hull

/&amp;lt; capable of being driven at considerable speed with the

Fig. 177 -The model speed &quot;boat complete

least possible water resistance and consequently with
the least possible power.

The &quot;Experiment&quot; has no curves except the sides.

Floor and sheer lines are absolutely straight from bow
to stern. A glance at the drawing will give one the im
pression that the boat is utterly unsuitable for speed,
yet the boat has run at the rate of 6% miles an hour with
an ordinary boiler and engine.

To begin with, make full-size drawings of the boat;
its plan and cross section. Make two wooden molds, one
for the cross section about one-third of the distance from

266
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bow, and another about, or, better still, a trifle behind
center. The bow piece and stern piece should next be
made of good clean pieces of oak, free from knots.. After

&quot;Fig. 179 The t&amp;gt;oat with the deck removed. The hand water pump is

shown at the right

this preliminary work has been done, the bow piece molds
and stern piece can be mounted and nailed on a board
as shown in Fig. 180.

The following is needed: About 12 feet of % 64nch
mahogany 9 inches wide, some odd pieces of %-incli oak
for knees and a piece of oak about 1% inches thick for



A Sharpie-Type Model Boat 269

the bow. The sides are marked out and shaped from
the drawing; both exactly alike. The bow piece is

planed into a triangular section and rebated to take the

fore end of the side planks. The stern piece is made

Tig. 180 How the hull of the &quot;boat is assembled

of ^4 inch oak and beveled to fit into the sides. In the

actual building, the sides are secured to the bow piece

by brass screws (No. 1, %-inch wood screws) and then

sprung out and the molds fitted; the transom being

181 The Scott semi-flash boiler used on the &quot;Experiment&quot;

finally fixed in place. This is fastened by angle pieces of

sheet aluiminum bent to fit in the angle between the sides

and the stern pieces. The angle pieces are first screwed

to the side planks 14 inch forward of the aft edge of the

sides, the stern piece being finally fitted into place and
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secured by screws through the side planks at the edge
of the stern piece. The holes for all these screws should

be drilled in order to avoid splitting- the side planks with

wood screws.

Plane off the floor edge of the side planks perfectly
level. The floor is next fitted. Lay the floor board into

place and mark off all around the side planks. Then take

it off and rough out the shape and nail it into place with
brass brads. Drill all the holes for the brads to prevent
splitting. Before doing this, paint the edge of the sides

with thick paint. After the floor board is fastened lirmly

Fig. 182 The alcohol burner used to fire the boiler

into place, plane off the edge, flush with the sides. The
molds can now be removed and the knees, cross-braces
and engine mounts fitted. The knees are fastened by
first being glued into place and then two screws are put
into each leg. The after-deck is a piece of %o4nch ma
hogany permanently fastened down with brackets. The
remaining jobs are making the turtle deck out of a thin
sheet of aluminum and the fitting of the shaft skeg, which
is a piece of 1-inch square oak drilled to take the pro
peller shaft stuffing box. This stuffing box is nothing
more than a piece of %-inch diameter tubing plugged at
each end for about % of an inch with brass and drilled
the size of the propeller shaft that is going to be used
When the shaft is finally put in place, the tube should
be filled with vaseline thinned out with a little oil. If
the builder has been careful of the outside surfaces of
the hull, he can make a natural wood finish highly polished
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and with a polished brass cut-water put onto -the bow, a

very pleasing model can be produced.
The

&quot;Speedy&quot; engine, described in Chapter IX, and
the water tube boiler, which is described in Chapter

XVII, Pig. 153, would make a splendid power plant for

this boat. The boiler can be fired by an alcohol tray

burner, with an automatic feed arrangement which pre
vents the burner from overflowing.

In constructing the burner, the tray can be made
about 6 inches long, 1 inch wide and 1 inch deep. At

\J NTERME.DMTE-
PflSSflGE

Pig. 183 The fuel tank and automatic feed for the &quot;burner

the bottom is a %6-inch brass tube with pin holes. This

is covered with asbestos wool, as per Fig. 182. The
alcohol tank, which embodies the automatic feed device,,

is shown in Fig. 183 and can be built out of a cocoa can

with a small chamber, C, soldered onto the side at the

bottom with air tube A and intermediate passage I, as

shown in the drawing. There should also be . a filling

plug, F, which should screw down airtight on a .leather

washer. The successful working of this burner depends

upon the alcohol tank being perfectly airtight.

The plunger pump drawing shows this necessary
attachment very clearly and needs no further explana
tion. The boiler feed pipe goes to the check valve on

the boiler.
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The propeller is built up, the blades being soldered

onto a 1mb which is drilled and tapped Tor sot screws.

The
p.
itch of the blades can only bo determined by experi-

ineiit when the boat is tried out

The rudder is of thin shoot; brass soldered to the

rudder post of Vrineh diumotor brass rod.

Fig. 184 -Details of the liand water pump

As an afterthought,, a hatch can bo built, in the turtle

deck over the engine hvri**o enough to allow for oiling

and adjusting&quot; the engine.

The alcohol burner will function better it the asbestos

wool is underlaid with absorbent cotton, as this material

possesses a greater capillary attraction than the asbestos

and the feed will therefore bo more satisfactory.



CHAPTER XXII

A MODEL SUBMAKINE CHASER

Method of constructing the hull Electric power plant and transmission

Deck fittings.

This little craft is 34 inches long, 5% inches beam, and
it draws approximately an inch of water when loaded

with driving mechanism and battery. The drive is by
means of a single screw connected with a battery motor

Fig. 185 The submarine chaser complete

placed well forward. The propeller shaft housing is

securely held in its proper relation to the hull by means
of brackets formed by bending annealed brass strip to

the proper shape and afterward filing it thin and smooth.

One bracket, the inside one, is soldered to the shaft tube

in order that a firm bearing may be secured at the point
273
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where the power is transmitted from motor to propeller

shaft. The coupling is the simple type comprising a

short length of coiled brass spring. The outside bracket

must, obviously, be left unsoldered in order that the

shaft tube may be inserted through the hull.

The motor was removed from its cast iron base and

supported between angles of brass bar, as shown very

clearly in Fig. 192. This method of mounting makes

possible the alignment of the motor shaft with reason-

Fig. 187 The stern of the submarine chaser

.able accuracy. The flexible coupling takes care of what
ever inaccuracy exists between the motor and propeller
shafts.

The rudder is of the balanced type and of very simple
construction. The profile is traced upon a sheet of brass

and the blade cut roughly with snips and finished with

.grinder or file. The rudder post is a length of brass

rod split with the hack saw sufficiently to take the rudder
blade. A hole is drilled and an escutcheon pin inserted

near the end. This pin is then headed over to draw up
the halves of the split rod in order that the ~^b may be
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neatly soldered. After this important operation has been

performed, the head of the rivet may be ground or filed

off and the job smoothed up with emery cloth.

The rudder post passes through a tube of brass fitted

with a suitable flange at the top to provide a nice finish.

The tiller is a short length of smaller brass rod inserted

w-&amp;lt;sn irST
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Fig. 188 A view of the cabin on the chaser

as shown in the illustrations. No particular provision
has been made in our model to hold the tiller in any
desired position. This might readily have been done by
forming a segment of a circle of brass sheeting with
depressions at the desired points to engage the tiller.

Two pieces of 1%-inch thick sugar pine form the body
of the hull. They are worked out roughly to finished
shape on the jig saw, formed up with the draw-knife and
finished with spoke-shave and sandpaper.

The inside of the hull is hollowed out before the two
pieces of pine are permanently cemented together. The
lower piece is bored and gouged out. One of the photo-
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graphs shows the method employed to hold the stock to

the bench while the gouge is being used. The bit of stock

supporting the motor and the propeller shaft bearing is

left in position, the gouge being worked around it.

The two pieces are then cemented together with a

mixture of white lead, whiting, bath tub enamel and

japan drier. The paste is smeared liberally on &quot;both faces

to be joined ; they are then subjected to pressure by means
of furniture clamps or any other convenient method. The
cement will harden in three days. It is well to use a few

very slender brads in joining the hull planks to assist

Tig. 189 The bow of the boat, showing the deck gun

in making the structure rigid. If the walls are brought
down as thin as they should be, this task of placing brads
will be a delicate one. The expedient employed was to
drill down through the gunwale with a No. 55 drill to
insure a straight path for each brad.

The deck and forward superstructure, if such it may
be called, are integral. A piece of %-inch stock runs
over the entire hull while the rise forward is formed
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by the addition of a piece of %-inoh stock to this t

decking forward. The deck and its companion piece ;

secured after being finished closely to shape in the v:

The superstructure should be hollowed out a bit if p

sible to decrease the weight at this critical height.

The gunwale is a length of %6-inch square stock r

ning the circuit of the deck. The gunwale is pain-

Fig. 190 How the boards that compose the boat are gouged out, 1

complete hull is shown above

gray while the deck is stained and varnished after t

&quot;plank lines
&quot; have been laid in it. These lines a

merely score marks made with a scriber to imitate t

lines of the usual deck planks.
The &quot;conning tower

&quot;

is of wood, hollowed out to t
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thinnest possible degree and decked over with cigar box

wood. The structure is made removable so that access

may be had to the battery amidships.
The port holes are finished with short pieces of brass

pipe cut off in the lathe with a parting tool so ground

3 C DE
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Big. 191 Half sections of the submarine chaser hull

as to produce the desired finish on the face of each port.

A bit of celluloid placed in each hole in back of the brass

collar gives the desired semblance of glass. The holes

in the hull and conning tower are % inch in diameter to

make a snug fit for the brass collars which are forced

into position after the hull has been painted.

The wireless aerial rigging and the spars are turned

up from clean dowel rod. The little insulators are bits

of %e-inch dowel rotated at very high speed in a drill
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chuck in the Jathe and turned to the desired shape with

a very sharp tool. The chief difficulty will be met and

overcome if these two precautions are exercised.

The railings and stanchions are respectively of hard,

smooth linen thread and slender steel brads. The brads

are inserted into holes drilled at the proper places* Care

Fig. 192 The propeller shaft in th stem tube and the driving motor

should be taken in driving
1 the brads to make thorn all

of the same height. The thread is taken oven- each

stanchion in a half hitch which enables the contractor
to draw the lines tightly, making the appearance neat

and trim. Both railings and stanchions are painted gray.
The little doors in the conning tower are of cigar box

wood, carved to resemble the door and casing and secured

to the tower by means of the marine cement and a few
brads made from cut-off pins.



CHAPTEE XXIII

A MODEL SUBMARINE WITH RADIO CONTROL*

Building the hull and superstructure The radio control mechanism

Electric power plant Special two-point relay Automatic apparatus.

The hull of the submarine is nearly eight feet in

length and, with machinery and ballast installed, the

weight is a good 175 pounds without water ballast. The

hull is patterned somewhat after the Lake ship-section

submersible, but the characteristic design is carried a

Fig. 193 The hull of the submarine completed

step farther, giving EM2 good surface riding qualities

rather than submerged speed. The bow and deck lines

of the model resemble somewhat those of a torpedo boaf

destroyer submerged to such an extent that her deck is

almost awash. This design gives ample room for ma
chinery and controls, and it affords space in the lower

hull for ballast tanks by means of which the craft may
be partially submerged while at rest.

Fig. 193 is a photograph of the finished hull of

white pine, with all compartments in place, and with the

* This book is published at a time when wireless work of an experi
mental nature is prohibited by the United States Government.

, The
model maker is cautioned to bear this in mind until the ordw is with
drawn.

281
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twin propellers installed. Fig. 195 is a scale drawi

of the hull in plan and section.

For convenience, the boards of which the hull is ma&amp;lt;

are numbered from 1 to 12, starting with the top boa

or gunwale piece and finishing with the keel piece. T
latter piece of board is not permanently secured in buil

ing the hull as it is to be discarded after the hull lin

are developed. This board is displaced by the actu

keel of lead shown in Fig. 196.

From Fig. 195, the builder can lay out full-sized pa
terns of the twelve planks on heavy paper from whic

Shape ofNoJZ Board-

Fig. 194 How the mould is made for casting the lead keel

the designs may be transferred to the boards preparatory
to sawing out. Let it be understood that the dimensions

given are the finished sizes. The hull planks are to be

cut somewhat oversize, say 14 inch, to permit of working
down with draw-knife and spoke-shave.

The method of procedure is first to saw out the entire

twelve planks roughly to shape, nailing them with just
a few brads to each other to form a more or less sub
stantial mass of wood which bears some resemblance to

the finished hull. Then, before the inside is hollowed out,
the draw-knife work is started. The tools must be keen,,
and the most effective method is a diagonal stroke which
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pares off the wood just as a jack-knife would cut ii

This stroke lessens the labor tremendously and produce
great execution.

The hull may be worked down to its finished line
with the draw-knife before tin; work on the inside 1

Pig. 196 The keel of the submarine laid in place

attempted. The only part to leave for the last is the
actual smoothing down process.

Before taking the planks apart ready for sawing out
the interior of the hull, be sure to mark each plank with
its number m such manner that the mnnber cannot he
readily effaced. Also mark for &quot;bow&quot; and &quot;stern&quot; to
obviate possible confusion in reassembling. When this
is done take all planks apart and draw the brads. Thenmark the No. 1 plank with the opening at the top which
has for its most important dimension 7% inches in width,
ihis is made for the benefit of the storage battery, which
is of the standard automobile lighting type and of 6
volts, 80 ampere-hours capacity. A stora-o battery of
the same type but of 4 volts and 40 ampere-hours capacity
supplies the current for the controls while the larger one
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drives the vessel As the width of each battery is TVs

inches, the dimension specified is ample to accommodate

the set. The other dimensions of the opening are not so

important and the opening may well be scribed directly

upon the No. 1 plank, after which it is to be cut out by

means of a compass saw or preferably a power jig saw.

This opening serves as the guide or template for the

openings in planks 2, 3, 4, 5 and 6. These openings arc;

exactly alike.

Reference to the sectional, view shows that Nos. 7

and 8 begin to form the compartments. Nos. 9 and 10

are still smaller, to care for the curvature of the lower

Fig. 197 Cross-section of the complete hull, showing the location of the

water &quot;ballast compartments

part of the, hull Those openings should be scribed indi

vidually on the several planks to make sure that the open

ing, when cut, will not pierce the wall or make it too thin

in places. Fig. 193 shows very clearly how the openings
become smaller as the bottom of the hull is reached.

The. assembly of the hull planks, after the openings
have been cut, is started, with No* 1, which is placed,

face down on the bench. No. 2 is to be wailed to this,

care being taken to &quot;register&quot; the planks accurately.

The other planks follow in natural order. Before nail

ing the planks, however, attention must be called to the

sealing compound which cements the boards together and

renders the hull impervious to water. The cement is

made as follows: To one pint of the best bath tub

enamel add one pound of good white load, stirring thor

oughly until the lead is taken up by the enamel. Then

add % pound of ordinary whiting (powder), mixing until
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the mass has assumed the consistency of thin, smooth

putty. Add to this % pint of good dryer to make the

cement set quickly.

Apply the compound to &quot;bofh planks where they are

to come in contact. A brush will serve notwithstanding

Fig. 198 The storage batteries used on the1 submarine

the thickness of the mixture. After making sure of the

register, nail bow and stern with a single brad to hold
in place. Then start at one end and nail with 1^-inch
brads for this, the starting plank. Place brads notTinore

,

m*Jl

Fig. 199 The storage batteries in their compartments

than 2 inches apart throughout the entire length of
the hull.

When the second plank is secured to the first, wipe
the cement from the seam where it has been squeezed out
and paint the surface of No. 2 and of No. 3 ready for
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register and nailing as before. Repeat with No. 4, but

when that portion of the hull is reached where the pro

peller shafts are to pass through, refrain from placing
nails in No. 4 and in No. 5 at the critical places where
the bit would have to pass in boring the propeller shaft

holes. This location is clearly indicated in the drawing
and the photographs.

&quot;When the hull has been assembled up to the point
where the No. 12 or keel plank is to be laid, nail this one

on with a dozen brads but do riot put any cement in the

Fig. 200 The storage batteries and central control mechanism

union. As stated before, this plank will ultimately be
discarded.

The hull may now be wiped clean with a cloth slightly
moistened with turpentine and the cement permitted to

dry for at least two days. After this, the spoke-shave
may be used freely to true up the lines, removing the

inevitable &quot;

bumps
&quot;

left by the draw-knife. The final

finish is with sandpaper. The priming coat of paint may
then be applied. Good ship s paint in battleship gray
is used. To this is added a quantity of pure white
lead to lighten the shade somewhat. The first coat is

applied after a cradle has been made for the hull. Here
and there could be seen a depression or a

&quot;bump.&quot;
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Fig. 201The driving motor with tranraiis$l&amp;lt; mounted on tHe
frame

After the first coat is dry, the spoke-shavu is used freely,
taking down the high spots. The nicks and dcpn^ions
are filled with the same compound used in the assembly
o the hull. The mixture is made thicker, hovwvor, by
the addition of a double quantity of whiting. This
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&quot;putty&quot;
is different from the ordinary variety in that it

&quot;sticks&quot; wherever it touches (the hands are no excep

tion) and it dries as hard as stone. After a day of dry

ing, the putty is still soft enough to permit of smoothing

up with sandpaper, and when it is finally covered with

PLAN, OF
TRANSMISSION^

Tig, 202 Details of the transmission

paint, the imperfection is absolutely invisible. The white

spots on the hull in the photographs indicate whore the

depressions have been filed*

When the hull paint is bone dry, the work on the

interior may be started. All &quot;whiskers&quot; are removed
with coarse sandpaper, which will smooth out the saw
marks to a great extent. The compartments shown in

the lower hold in Fig. 193 are merely to keep the water
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from surging back and forth when the craft is in motion.

These bulkheads are well perforated with holes and are

secured with brads. The storage battery compartment
is made absolutely watertight. The drawing gives the

details, the dotted lines indicating the compartment wall

of %-inch. whitewood. The cement is freely used in as

sembling this compartment, the walls being literally plas
tered with it. When the cement is bone dry, the battery

compartment is given three consecutive coats of some

Fig. 203 The driving motor mounted in the hull and connected to the

propeller shafts through spring couplings

good acid-resisting compound obtainable from a large
electrical supply store.

The entire interior of the hull is next to be plastered
with the cement, made somewhat thinner through the

addition of more enamel. The mixture should be worked
well into all corners and cracks until every corner is

rounded out with the paint. The water compartments
below should receive an especially liberal dose of the
mixture.

While the interior of the hull is drying out, the builder

may turn his attention to the construction of the keel
which is of lead.
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The nicest way to make it is to take the No. 12 plank

and, using it as a pattern, make a sand mould for the

lead casting. If this is deemed impracticable, make a

mould as shown in Fig. 194, using the No. 12 plank to

give yon the profile. Take this mould directly to a man
ufacturer of lead pipe or plumbers supply house and

have them pour the lead. The keel should weigh 75

pounds, and the simplest way to gauge this is to place

the mould on the scales and pour until the desired weight
is attained. The keel is about an inch thick. Its shape
and the proportion it bears to the hull is shown in Fig.

196. The keel is secured to the hull by means of a quan

tity of flat head brass machine screws passing through
the No. 11 hull plank and into tapped holes in the keel.

All cracks, holes and other blemishes are filled with the

cement, and after painting the keel looks as though it

had grown on the hull.

The ballast tanks in EM2 serve a twofold, purpose.

Primarily they are intended to partially or completely

submerge the submarine while she is at the &quot;wharf.&quot;

Their secondary purpose is to &quot;trim&quot; the craft when she

is placed in the water for the first time. The necessity
for this latter procedure will be obvious to every veteran

model builder. Pie will know from experience how nearly

impossible it is to so distribute the load, inside the hull so

that the craft will float on an even keel when first she is

launched. The tanks enable the operator to trim the

submarine both fore and aft, causing her to assume not

only the desired depth in the water, but also to overcome

any pronounced tendency to ride lower by the bow than,

the stern, or vice versa.

As described previously, the &quot;tanks&quot; are built into

the lower part of the hull. Theoretically they should be

lined with zinc or copper. In practice, however, it has

been found that this is unnecessary. A very liberal use

of good waterproof paint over the interior of the hull
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serves the purpose without the need for a very complex
piece of sheet metal work such as the tank would rep
resent.

The tanks are completed through the addition of a

dock! lift- of %-inch wood thoroughly coated with the paint
or cement described previously. This docking is to be

literally cemented in place first ol: all and then, to add

strength, it is nailed every inch or so to the step in the

hull shown in the illustrations, ,Kig. 197 gives a section

*

Fig. 204- The stern of the hull, showing how the propeller shafts pass

through

through the hull with the tanks completed. The water
is kept from surging back and forth by moans of bulk-

t

heads which divide the tanks into compartments repre
sented by W in the drawing. Those bulkheads are per
forated so that the water entering the openings indicated

in the bottom of the hull can find its way readily into all

compartments.
The intake holes through the keel are left wide open

at all times. The water is permitted to enter by opening
air cocks on the superstructure of the submarine; as the

air in the tanks is permitted to escape through these
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cocks, the water enters. To discharge the ballast, com

pressed air is sent into the tanks through the cocks, thus

driving the ballast out. This operation is the only one

not performed through the medium of the radio control.

It could be done, of course, while the craft is running, but

the delicacy of the adjustment and the tendency of the

craft to plunge to the bottom under such circumstances

render such a plan inadvisable.

The details of the air cocks and their location will be

taken up later after the superstructure has been covered.

To give such details at this point would necessitate repe
tition later.

The storage battery is divided into two units; one is

for the motor which drives the craft, while the other is

for the controller and the various control devices. The
motor battery is a 6-volt SO-ampere-hour automobile

lighting battery, while the control battery is of 40-ampere-
hour capacity at 4 volts. The dimensions given in the

hull drawings in the preceding issue are suitable for a

number of standard automobile batteries on the market.

See Fig. 198.

The battery compartment has been described. Suffice

it to say here that no attempt should be made to fasten

the battery in its place. The two units should be easily
removable for repairs or for charging in the event that

the whole model cannot be taken to a place where current

is obtainable. See Figs. 199 and 200 for views of the

battery in the hull.

The motor selected for EM2 is of a standard type
obtainable.in the open market. The motor has practically

&amp;lt;all of the desirable features found in commercial machines
of large size. Radial gauge brushes, mica insulated

commutator, adequate oiling facilities, form wound coils,

and a liberally designed frame, are among its excellent

features.

The transmission has been added solely to permit the
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motor to run at relatively high speed with moderate pro

peller speed. The arrangement of the gears is such that

a speed reduction of 2 to 1 is obtained with the shafts

for the propellers running in opposite directions. This,

of course, necessitates the use of a left- and a right-hand

screw.

The motor with its transmission is well shown in Fig.

201, which gives a front and rear view of the power plant.

These photographs, together with the detail drawing,

Fig. 205 The stern of the hull, showing propellers in place

Fig. 202, should make clear the entire scheme of the

transmission.

The reader will note that a 48-tooth brass gear is

secured to the motor shaft. This is a stock 1-inch gear of

48 pitch. Meshed with this gear is a 96-tooth gear, 2-inch

diameter, mounted upon one of the transmission shafts.

Meshed with this gear is a second 96-tooth gear mounted
upon the second shaft. The layout drawing in Fig. 202
will make this clear. The gears are represented by pitch
circles- The operation is obvious. ,The motor gear A
turns the first large gear B, which in turn operates the
second large gear C in the opposite direction.

&quot;While on the subject of transmission, it may be well
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to suggest how the bearing plates are laid out and fitted

to the motor frame. The first operation is to locate and

drill the holes in the upper part of the plates, drilling

clearance in the front plate and tap size for 8/32 in the

rear plate. Place screws in the holes to grip the plates

together. Next locate the center hole at the bottom and

drill No. 9 to clear a 10/82 screw, which may be inserted

and held with a nut. The plates may then be filed up
square and true to each other. All holes will thereafter

be drilled through both plates at the same time to insure

alignment.
The %-ineh hole for the motor shaft will be next in

order. This hole is located near the letter A in the layout

drawing* When the hole has been drilled, remove the

10/32 screw from the center hole at the -bottom of the

plates and slip the motor shaft through the hole. Clamp
to the motor frame with the distance piece shown in all

views between plates and frame. Square up with motor
base and run a No. 9 drill through the lower hole to spot
into the motor base. Follow with tap drill for 10/32

and tap out.

After this, remove the plates and replace clamping
screw in the lower hole. Next lay off the center for the

gear B by scribing with dividers set to l^-inch radius

from center of motor shaft hole. Strike a vortical, linn
lff

K.(; inch to right of center and spot for the yi,~indh hole

for B gear shaft. Now set dividers to 2-inch radius awl

swing from the &quot;B gear hole to the left on a horizontal line.

This will give the spot for the C gear hole. Drill B and
C holes with %-ineh drill, making sure the drill is ground
true so as to insure that it will not cut overside. The

plates may now bo separated and the roar plate replaced
on the motor shaft with a short 10/32 screw temporarily

placed in the, center hole to clamp the plate to the motor
base. The holes for the flat head countersunk screws may
then be drilled and tapped and the plate permanently
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secured to the motor frame. 11! the work has bee
carefully the motor shaft will turn without any bin
the plate is secured.

The bearings .for the transmission shafts next i

attention. These are turned up .from -

ft -inch h&amp;lt;

brass stock and sweated to the front bearing plate
this operation, a %-indhi wooden dowel was placed
plate and bearing- holes to line them up, and the s

Fig. 206 One of the propellers used on tho submarine

of the plate and the under side of the bearing c

with soldering paste. A very hot soldering coppe:
then used to flow Holder around, the joint, cure being
to see that the solder actually sweated into the job
tween the bearing and the plate. The plate was s

on three brads to keep it away IVom the bench 01

operation. When the job cooled, the bearing plates
found to be in perfect alignment, thanks to the do
although the latter were- badly charred at the poi
union, An oiled rag run through the hole eleanet

bearing surface of the trace of carbon left by the bn
wood.

The A gear is secured to the motor shaft wi
pointed set-screw, while the B and C gears are fast
to their shafts by means of brass escutcheon pins dt
into holes drilled through gear boss arid shaft. The
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of the transmission shafts are threaded %-20 to take the

steel springs which provide flexible couplings to the pro-

peller shafts.

All that remains is the assembly. The spacing collars

are self-explanatory in the drawings. The reader will

note that the 10/32 screw temporarily placed in the rear

plate is displaced by a long stud, which passes through
both plates with a spacing; collar or sleeve between. These

sleeves wore made by cutting off the desired lengths of

%-inch brass pipe in the lathe. An additional feature

not shown in the illustrations might well be a simple

oilcup in each bearing of the transmission.

Fig. 203 shows the motor and transmission mounted
in the hull. The method of coupling shown lias been sim

plified and improved upon by removing the shaft hangers
and substituting long, tightly wound steel springs of the*,

door-spring variety. 80 stiff and so tightly wound are

these springs that they afford an almost perfect flexible

coupling to the propeller shafts* The ends of the springs
are forced on the threads ol&quot; the transmission and pro

peller shafts, where they will stay put until removed by
main force. The propeller shafts were cut off close to

the shaft; housing shown at the extreme left in Fig. 203,

and much more clearly in Fig. 204.

Little need be said of the shaft housings. They are

merely lengths of %-inch brass pipe fitted with a standard

brass cap at either end. The caps are of course drilled

for the shaft. The space between the end of the pipe and

the cap is ample for the lampwick and tallow packing

necessary to exclude water. The size and shape of the

propellers is well shown in Fig. 206, where a hand is

included to give an idea of the proportions. The average
builder will want to take advantage of a stock propeller
rather than make patterns and have just a single casting

made from each. The relation of the propellers to the

hull is shown in Fig. 205. They are secured to the shafts
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by a simple screw thread and pinned to prevent loosen

ing. This threading operation was easily accomplished
by chucking the propeller in the three-jaw chuck, facing
off, centering, drilling and tapping %-20.

The steering rudder is well shown in Fig. 207, as it

appears beneath the hull at the stern of the model. Fig.
208 gives a glimpse into the hull, showing the rudder

l
:;

; ^^ha
*

,&quot;* ff

. ..

Fig. 207-The stern of the submarine hull, showing one of the propellers
and the rudder

mechanism in position. Fig. 209 shows the rudder mech
anism in parts giving an idea of the proportions of each
piece to the others.

data the reader is ^ferred to

For an explanation of the working principle let us
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to Figs. 210, 211, and 213, with an occasional glance at the

photographic views. The rudder proper is of sheet brass

sweated into a saw-cut in the end of the rudder post.

Fig, 208 The rudder control mechanism

The latter passes through a brass pipe sleeve or housing
fitted with packing glands at either end.

To the top of the? rudder post is fitted a brass disc

having a shallow groove turned in its periphery to curry

Fig. 209 Tlie parts of the rudder control mechanism

the &quot;tiller cord&quot; or its equivalent in this ease. The con

struction and assembly of post and disc is clearly shown
in the detail drawing, Fig. 210. The hub of the disc is

sweated with solder to the disc. The projecting arm of

.X

.
,; ..-%

&quot;^V/^
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the post is threaded into the latter and tightened to
inoans of tho lock nut shown. The function of this pro
jecting arm is to carry the central spring which helps
keep the rudder in a neutral position.

In the disc thorn are two little countersunk
h&amp;lt;&amp;gt;l&amp;lt;. iS ^oe

Detail B in Fig- 211. Each of these holes is l&amp;gt;f&amp;gt; decrees

PLANK Nl^l

3

4

Fig. 210-Section through the stern of the hull, showing the arrangemen
of the rudder mechanism

to one side of the neutral position of the rudder. Mounted
directly above the disc, see .Fig. 210, is a small solenoid
in which a plunger of iron slides freely. The lower end
of this plunger is conical in shape to (it the countersunk
holes in the disc.

The action of the mechanism is as follows : When the
txller cord is pulled to the right (by solenoids to be de
scribed) against the tension of the neutralising spring
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the disc moves beneath tlio solenoid plunger until the

latter drops into one of the holes. Here the rudder will

stay until the next operation, which sends a current

through the little solenoid, releases the rudder, sending it

back to the neutral position. Likewise the left-hand pull

of the rudder serves to engage the solenoid pin. with the

second hole.

The biff feature of this mechanism is tlie fact that cur

rent is used for an instant only -just long enough to pull

the rudder to port or starboard. It remains in that posi

ng, 211 Plan, of the stern and rudder meclia/nism

tion until released, although no current is used in the

retaining operation. The net result is that we can use

a comparatively large current for tlie actual pull of the

rudder, making the operation positive and trustworthy,

and still maintain the essential economy of current con

sumption.
The tiller cord has been referred to. This is a length,

of the round type of shoestring, strong and very flexible,

attached to tin 1
, disc by the retaining screw shown in

Detail B, Fig. 2TL This cord, running in the groove In

the disc, passes on to a large solenoid on either si.de of

the hull. The photographs and the drawings, Figs. 211,

212, 213 and 214, will make this clear. The plunger of
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each solenoid passes entirely through the coil in order

that tension springs may be attached to the rear end of

each plunger to assist in keeping the rudder in a neutral

position and to keep the tiller cord tight.

The small solenoid used to retain the rudder in the

desired position is wound with No. 24 wire, enameled, in

layers 1 inch long upon the brass tube of the mechanism.

The careful workman can get on 45 turns per layer and

Fig. 212 Tlie complete rudder mechanism, showing the solenoids

the winding should be about 18 layers deep. This wind

ing is designed for use with the 6-volt storage battery.

The large steering solenoids are wound with No. 16

D. C. C. wire, 68 turns per layer, and 8 layers deep to

each eoiL The brass tube upon which the solenoid is

wound should be a sliding fit over a piece of %-mch Nor
way iron rod made perfectly smooth. There must not be

any friction in this sliding fit. If Norway iron cannot be

obtained, cold rolled steel may be used, but the pull is

lessened appreciably.
The mounting for the solenoids is of hardwood. In

mounting the coils -within- the hull, care should be exer
cised to see that the plunger of the solenoid has a straight

pull on the cord rather than one at a slight angle. It

will probably be necessary to block out the rear end of

each solenoid base with shims of wood to effect this.
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The current density in the solenoids is comparatively
ugh. ihe small coil pulls about 5 amperes, or enough to
heat it disastrously if the current were permitted to re-

L ttiddk Line of tfv/f,

__ ^
. ;

/ A I.
.. V

Pig. 213-Details of one of the controlling solenoids of the rudder
mechanism

main on
_The lar^e (,oil

&amp;gt;s draw ID ampere* apiece at
volts. Hns nn.ounf. of current produces a pull that will
draw Urn plunder out of one s facers nine times out of

Fig. SH-Olose-up view of the rudder solenoids in place

ten providing th(* plunder is inserted three-quarters of
its length when tin. current is appliwL This hi ffh mirront
density is not

objectionable, however, in view of tlu- fact
that it is applied for but one or two seconds at a time
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In the radiodynamie control of a distant model o

some sort, there are a number of practical consideration!

Involved aside from the actual problem of how to do th&amp;lt;

trick. For instance, the distance over which, control ju

to be effected is most important The difficulties increase

amazingly as the distance between transmitter and re

ceiver increases. Another point to consider is whethei

Rudtkr

]&amp;lt;

,&quot; fir

,1! . ,- fact

-&amp;gt;r&,

. 215 r. 210

Pig, 215 &quot;Bimeiisiows of tlie solenoid supports

Pig. 216 Section through tlie rudder post

the control must be selective or whether a progressive
series a:f ovoliitiotiH, eac-h dependent upon the pressure
of th ft radio key, is all that the builder desires*

One tiring
1 that is absolutely essential in any system

of this kind is some moans of drtern lining just what is

going on inside the hull of the model when the key is

pressed. True, the craft will respond, but we must know
beforehand just what is going to happen at the instant

of pressure of the key*
There are two ways of doing this. One is to have a

series of colored lights on the dock of tlie model, each

color representing some distinct evolution of the craft.

A chart on shore tolls the operator what each color means
so that he can guide his signals accordingly. The other

method involves the use of a clock-work mechanism to

operate the control fingers, with a synchronous median-
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ism, turning at exactly the same rate of speed on shore
in front of the control operator. By observing his clock
the operator can determine exactly what contact finger is,

fk;!,,., ;.
.-

* &quot;

;
: -- -.. ;.- ,^J

Tig. 217 The central distributor for the three-circuit controller

in connection at any given time and can send Ms signals
accordingly.

The colored-light signal device is admirably adaptedfor use with models where the control need not extend
more than a few hundred yards at the most.
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The system consists essentially of a mechanism the

function of which is to periodically open and close a cer

tain number of circuits. The colored lights, each color

representing a circuit, tell at all times the position of the

contactor. The function of the radio impulse is to com

plete the operative circuit to any given device in the

submarine at just the desired moment. In other words,
the operative circuits are all open, as the contact finger

moves from one point to another, until such time as a

radio signal comes in. This serves to close a relay, send

ing current through the desired solenoid or motor or

whatever happens to be the operative mechanism of the

circuit in question.
In the design for the distributor or controller-proper,

there are a number of considerations. If space is at a

premium, and a very large number of controls is deemed

necessary, the type shown in Fig. 218 is better. This

device is essentially an instrument switch having a double
row of contacts and a contact arm which is continuously
rotated by means of an electric motor mechanically con
nected by means of worm gearing. The small rheostat
is to control the-motor speed.

In this controller or distributor, the operative circuits

are taken from the outside row of contacts while the

lamp or signal circuits are taken from the inner row.
The one advantage of the two rows is found in the fact
that but a single white lamp need be used to indicate the
&quot;off&quot; position of the contact finger following each col
ored flash.

The coherer and decoherer are mounted upon an up
right wooden piece at the end of the controller base in
such a position that the coherer tube is readily accessible
for adjustment through a hatch in the deck of the sub
marine.

The distributor shown has twelve contacts, which
means that it will control six complete circuits or evolu-
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tions; that is, six on and six off. Tims the model can be
made to start, stop, turn to right, turn to neutral, turn
to left, back to neutral, fire a dock gun, flash on a seareh-

Jight, turn it off, blow a whistle, discharge a torpedo, lire

Fig. SISThe central distributor for the six-circuit controller
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a signal rocket. Or, in lieu of two of these evolutions

it can be made to submerge and rise with the diving

planes fore and aft. The point to rernemher is that anj

operation that is perfornuMl in an instant, such as (him

a gun, can be done without the expenditure of the soeorx

contact to turn the current off. All of the devices sucli

as rudder solenoids, driving motor, etc,,, in 10MU aro sc

designed as to keep on operating until a second impulse
turns the current off.

The distributor shown in Fig. 217 Is somewhat easier

to build, but it does not lend Itself so readily to a largo

number of circuits. In this device the cylinder currying
a series of contact studs, each contacting in turn with u

brush or finger, is revolved slowly with the usual worm
gear and motor drive. This distributor has six contacts,
which means that it is good for three evolutions; start

motor, stop motor, turn right, turn back to neutral, turn

to left, back to neutral. This is all that would he re

quired of the average torpedo and for simplicity of con

struction and control, this form is splendid,
Still a third form may bo used and thin hius some pro

nounced advantages over the others. It consists of a

segmented ring of metal, (such segment representing a

circuit, around which, a brush travels slowly. The advan

tage here is that it gives the operator the maximum of

time in which to read and respond to his signals.
The large wiring diagram will make all connections

clear without many words of explanation. In reading
the diagram, the builder is advised to trace with a pencil
each circuit, keeping in mind the position of the* contact
arm at the time. For instance, to start the motor, he
will see that the control current is sent through a two-

way switch that will stay in whichever position it is drawn
by the magnet on either side, To stop it, the current is

sent through the opposite magnet for an instant to draw
the lever over.
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Ground ~

Fig. 220 Wiring diagram for the three-control distributor. Each circuit
and control is connected with a colored light

The coherer is the inherent weakness of any radio
control system. For simple model Vork the old fashioned
coherer with silver plugs and a half-and-half mixture of
nickel and silver filings is about as good as any. The
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plugs should be at least half an inch apart in the glass

tube and the intervening space loosely filled with the

filings mixture.

One problem in the construction of the Model Sub

marine EM2 was to provide a means whereby the current

operating the main driving motor could be turned on or

off by the control device. The switch controlling this

circuit, of course, had to be of such a construction that

the contacts would remain in the desired position until

the next impulse came. Furthermore, from the economic

standpoint it was essential that no current be used to

maintain the switch contacts in either position, the im

pulse serving merely to bring the contacts to the on or off

position as the case might be.

Some experimentation resulted in the relay switch

shown in the photograph, 222, and the drawing, 221.

Essentially, the switch consists of an arm of soft

steel, pivotally arranged between the poles of two mag
nets, and above this armature two springs of phosphor
bronze so disposed as to contact with the end of the arma
ture as the latter is drawn to one side or the other by
means of the magnet through which current is sent.

The magnets are of the standard instrument type of

2.5 ohms resistance each. These magnets are sold at

such a low price in the open market that it is cheaper
and more satisfactory to purchase them outright than to

construct them. Each magnet is mounted upon the up
right of a piece of brass angle as shown in the illustra

tions. The distance between armature and pole piece of

the magnet should not be greater than %a inch to insure

reliable operation without the expenditure of an inordi

nate amount of energy in the act.

The armature is a piece of cold rolled steel (unless

wrought, iron is available) of ^4-inch by %-ineli section.

It is drilled for the pivot at its lower end and this lit

should be a good one. The armature should swing freely
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back and forth but a loose and slovenly fit cannot be tol

erated as it will lead to trouble.

The spring strip contacts are mounted upon brass

angle pieces and their adjustment is shown by the photo
graph infinitely better than a thousand words of explana
tion could describe it. This adjustment is possibly the

only &quot;ticklish&quot; part of the job. Too much pressure will

prevent the armature from being drawn to the reverse

Pig. 221 The two-point relay switch

position. Too little pressure will not hold the armaturem the desired position against the inevitable vibration of
a model boat hull. Of course the design of the switch
is such that gravity aids in keeping the armature in either
one position or the other as, when it shifts from one side
to the other, the center of gravity shifts with it. When
the correct adjustment is obtained, the armature will

ctrtTT rT P
?
Siti n t0 the ther the

curreS- **?%?^ *^ St&y * that
current is sent through the other magnet
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The superstructure of the model is so designed as to

permit of ready access to the machinery within through

the openings which are covered with simple hatches of

wood secured by means of brass nuts on screws passing

up from beneath.

A complete drawing of the superstructure and deck

ing is given in Fig. 224, which shows a plan and a side

Fig. 222 The relay switch assembled

elevation in section. Note that the superstructure is built

up of two thicknesses of %4nch material and one of

%-inch stock. The latter is secured after the former
are worked down to finished shape. In this thin piece
of lumber are placed the brass machine screws which hold
the nuts for the hatches. All dimensions are given in the

drawings.
In placing the superstructure on the hull, and, like

wise, in nailing the two pieces of stock together, the
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white lead and whiting cement is to be used plentifully.

The cement is to be applied to the stock on both surfaces

before nailing together.

To counteract possible warping, the superstructure
should be secured with both screws and nails. A flat-

head screw placed every 8 inches or so will draw the

superstructure right down to the hull, squeezing out the

cement which can be scraped off when nearly hard, leav

. 223 The submarine with the deck removed

ing a perfect union,between hull and superstructure. As
the decking of thin wood is placed on the superstructure
after the latter is securely fastened, the screws and nail

heads are covered.

The wiring and the installation of the machinery were

done after the superstructure had been finished. The

object of this was to insure that the interior fittings might
be removed after the deck was finished.

The greater part of the wiring was done with No. 14

standard rubber covered and the balance with No. 18



A Model Submarine With Radio Control 315

hp
C



316 Model Kngmectinc/

fixture wire. The insulation on these conductors is o

good that little care need be exercised to keep them apart

They may be &quot;fished&quot; beneath the dock and hold under

Leadin-

&amp;gt;* y ,
&quot; Turmff from fy fowl

&quot;i&quot;-^

r &quot;v/_I_x*
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Fig. 22,5 Drawing of the conning tower for the gubmtrln*

staples with impunity. On all circuits where then current

is heavy, the larger wire was used*

As a measure of safety, 10-umporo fuses Hhould be

inserted in the leads from the large storage battery and

5~ampere fuses in those from the small control battery.
This protection is really very important, as the current

from either battery on short circuit might easily reach a
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hundred amperes or even more. Incidentally, such a

discharge would ruin the battery. The heaviest current

drawn is 15 amperes; however, this is only for an in

stant and the fuses specified will hold it easily for the

second or two it is on.

As an additional precaution, it is well to provide
switches just inside the battery compartment in order

Pig. 226 The stern of the craft, showing the rudder release solenoid

that the two batteries may be totally disconnected from
the mains when the model is not in use. In the photo
graph showing the battery compartment, Fig. 231, the

switch at the left is to disconnect the main battery, while

the one at the right starts and stops the control device

motor. When these switches are open, no current can
flow through the circuits, even though the controller

might be left in an &quot;on&quot; position.
EM2 has controls as follows: turn to right, neutral;

turn to left, neutral
;
start motor, stop motor. The div~
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ing plans are manually operated; that is, they are tilted

to the diving position by hand. Should any reader, in

building this model, choose to add the radio control, he

Pig. 227 The driving motor, with relay switch mounted in place

has but to construct a mechanism similar in principle to
that employed in the control of the rudder.

In order to use the central control device described,
the contacts have been grouped into pairs by bridging

Kg. 228-The Mock upon which the signal lights are mounted

across adjacent studs so that each contact is repeated as
leads fr m

Tthe side of the opening in the superstructure
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The relay switch, which serves to turn on and off the
current to the driving motor, was described previously.

The drawings give all details of the conning tower
and deck fittings. The aerial is carried by a tall central
mast and it inclines toward a shorter mast at either end
of the craft. A thoroughly dry dowel boiled in paraffin
provides a good mast of high insulating qualities. So
effectual is this treatment that no insulators are found

17
**

tv$
T^AC^

-

Sik.vpw **i
*

v

: * #M *!
4
;,;t

Fig-. 229 The controlling mechanism exposed by the removal of the
forward hatch

necessary. It is admitted, however, that the true model
maker will not be content with such an arrangement. For
him the employment of tiny insulators turned from hard
rubber or black fiber rod of about % inch diameter is

necessary.
The lead-in is taken from the center of the aerial and

brought down to the contact on the deck of the conning
tower. From this point, a piece of rubber covered lamp
cord leads to one side of the coherer. The other side of
the coherer is connected with a heavy wire that leads
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down through the hull and makes electrical connection
with the lead keel.

The ballast tanks in the lower part of the hull are of
sufficient size to hold water to completely submerge the
model. A piece of brass pipe leads from the machinery
deck both fore and aft to the outside of the hull where
each pipe terminates in a small pet cock. When these
cocks are opened, the air in the tanks is permitted to

Pig. 230-Drawing of the hatches

mcn wireless type, using the obso-
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lete method of connecting the antenna and ground across
the spark gap.

The maximum distance for fairly reliable operation
was found to be about 100 yards. A tuned transmitter,
tuned to the exceedingly short natural wave length of tho

diminutive submarine aerial, would increase the distance
as would also a transmitter of greater power.

Fig. 231 The central hatch lifted, showing the storage batteries.

signal lamps are shown at the right

The

The adjustment of the coherer is a tedious task, but,
when once attained, it is reasonably permanent. A mix
ture of about equal parts of pure silver and niekol filing*
is used, which must be quite free from grease. The bast

working distance for the coherer plugs was found to 1m
between % and % inch with the space between practi
cally filled with filings.



CHAPTEE XXIV

A MODEL, CRANE

The design of the crane Its construction The electrical driven hoist,

When the amateur constructor Interests himself In

model crane construction; he delves into a field that has
a wide range of interesting apparatus. There are many
types of cranes, any of which, if constructed, will well

repay the builder, as the amount of instruction and

Pig. 232 The plan of the electric derrick crane

amusement derived from them is great. Of all the many
kinds, the most common is the derrick or jib crane. This
type is seen in lumber yards, stone quarries, steel mills,
and especially in construction work.

It consists of a mast, Fig. 232, to which a boom or jib
322
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is attached so that it may swing up or down. A movable

pulley with a hook is run from the end of the boom.
These two elements, the boom and the hook, are sepa
rately controlled by cables, which are wound on wind
ing drums.

In this model crane the double drum electric hoist,
which is described in the following chapter, is used.
Miniature structural iron is used in -the mast and boom

Fig. 233 The derrick assembled

of the derrick, and its use did not bring forth as many
obstacles as contemplated. This feature can be used in

many other models, as it is easily and cheaply con
structed.

It merely consists of angle tin held together by means
of very small rivets. Iron round head rivets, ys inch in

diameter by % e inch long, are used. These are the small
est procurable and have to be sawed to about % inch

long. They are driven cold on account of the difficulties
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encountered in fitting and holding same if they are driven

hot. The round head is left exposed.
The boom and mast are made in this manner: While

sticks of \vood will suffice for the pieces, the realistic ap
pearance of this material is seen by the photographs,
Figs. 233, 234.

The angle iron or tin used as the sides of the mast
and boom is obtained from a tinner who has access to a

Fig. 234 Rear view of the derrick

bending machine. Four each of twenty- and thirty-inch
strips are required. Holes are bored in the long angleswhich are used in the boom, as indicated in Fig. 236
Ihese holes are bored identically on both sides of the
angle. Four web plates (B), Fig. 237, are cut and drilled
as shown and riveted to angles. The ends are then bent

T,
th* one-half-in&amp;lt;* square brass end blocks (E)and (F). The angles are held against these blocks by

tying a cord around them. Holes are then drilled through

^ h ^ 8

a
5 ,

WOCkS
n
Vith &quot; N - 28 dri11 and then tawilvuth an 8-32 tap. One-quarter-inch, 8-32, round headscrews are screwed into these holes/holding the. striM- Place as shown in the assembly of the boom, Fig 2/5
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A rigging, made of strips (D, E and C), has to be

made so as to provide clearance for the jib pulley when
the boom is in a high or low position. Details of these

so-called supports are shown in Figs. 238 and 239. Four
tackle supports and two pulley supports are required.

Fig. 250 The back of the derrick

The^cross bracing seen in the assembly of the boom,
Fig. 235, is merely No. 16 iron or copper wire, woven
through the holes bored for this purpose.

The building of the mast, Fig. 242, is more difficult
than the boom, as more riveting has to be done. The
side angles of the mast are bored, as shown in Fig. 243.
The web plate (B), Fig. 245, should be put on first. It
mil be noticed that no detail has been given for the
diagonal strips (G), as their length and shape of ends
vary. While dimensions are given for the location of
rivet holes in the strips and plates, the writer finds itmore advantageous to bore the holes in the angles only
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Figs. 251-261 Details of the derrick

tlien cut the strips to length and locate the holes in

strips by means of the holes in the angles. It will

.oticed also that where two or more strips come to-

only one rivet holds them together. It is best to

the two separate sides complete and then fasten

sides together. This facilitates riveting. Only two
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pulley plates (B) and boom bearings (D) are required,

and they are riveted on the same opposite sides.

When the sides are all fastened together, square
wooden blocks (J), Fig. 242, are fastened at each end by

screwing the sides to the wood blocks. The block at the

bottom or the end nearest to where the boom swings has

a rod (H) 5 inches long held by a pin (I). This rod (II)

is a shaft for the bevel gears (J), Fig. 250. Its diam
eter is dependable upon the size of the hole in the bevel

gears.
The boom swings at the foot of the mast by placing

a shaft, % inch in diameter by 2% inches long, through
the end block of the boom and is fastened to the boom
by a screw bored through the end block and shaft. Col
lars are provided at the end of the shaft. Fig. 249 shows
this very clearly.

The mast is mounted on a box-like base in which bevol

gears are mounted for turning the derrick and switches
for controlling the hoist. Fig. 250 shows a front viow
of the apparatus.

The bevel gears (J) have a ratio of about two to one.
Any convenient size may be used, the writer using 4-
inch and 2-inch gears taken from an old churning ma
chine. The small gear is arranged on a shaft with a
handle, Fig. 256, to turn the large gear. The shaft de
tailed in Fig. 255 is of iron, steel or brass, and is shown
% inch in diameter, although, of course, any other size
may be used to fit the holes in the gears. If such is tho
case, the holes shown in the detail of the angle bearing
(C), Fig. 253, and bearing plate (D), Fig. 254, will vary
accordingly. A bearing plate similar to (D) Fig 254 is
used to hold the shaft extending from the mast in the
bottom of the box.

t A m rigidly Upright by means
&amp;lt;&amp;gt;f the legs

(A) These are detailed in Fig. 251. They are slottedas shown and soldered to a plate which allows the mast
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to turn by means of a wood screw screwed through the

plate into the top wooden block of the mast. The legs are

threaded at one end and bolted to feet, Fig. 257, on the

base.

No details of .the pulleys will be given, as the average

experimenter generally has several around his shop which

are adaptable for this purpose. The shape and arrange
ments of these pulleys, however, are seen in the general

view, Fig. 232. For the cables between the pulleys and

winding drum, stout string is used.

The double drum electric hoist is mounted on the base

and one dram is connected to the boom pulley and the

other to the hook pulley. The switches used for revers

ing the motors of the hoist are of the pole changing type
with a dead point in the center. The arms of these are

extended through slits in the sides of the box and han
dles fastened to these extensions. This is clearly illus

trated in Fig. 233. Double pole, double throw switches

may also be used to control the motors, the switches be

ing mounted on a separate switchboard.

If the reader does not care to have the operation

electric, he can construct hand-operated winches for the

derrick.

The whole apparatus should be painted a dull black,

which gives it a commercial and serviceable appearance.



CHAPTER XXV

AN ELECTBIC DOUBLE-DRUM HOIST

The design of the hoist Calculation of the power needed Construction

of the machine.

Every model maker delights in making models of

machinery, so that when they are constructed they have
the appearance of the larger article and their limits of

usefulness are just as great. The double drum electric

hoist, about to be described, comes up to these require
ments. Its range of utility is varied. It may be used
on small cranes or derricks, elevators, double hoists,

traveling hoists, and probably many other uses will sug
gest themselves to the constructor.

By consulting the plan, Fig. 262, it will be seen that
each winding drum is driven by a separate motor, which
simplifies the control of the hoists. Eight gears will be
required, two of each of the following : 96 teeth, 12 teeth,
48 teeth and 20 teeth. The dimensions between the
shafts are for gears of 32 pitch. In ease the reader has
some other size gears on hand he should, of course, use
them, although the distance between the shafts will not
be the same. Quite a little power is developed at the
winding drum, the apparatus easily lifting several dry
batteries. This will be readily seen, as the speed is
12 x 20 5

- = of that of the driving motor, and as the
6 96

lifting power varies inversely with the speed the lifting
c/O

power is - or 19% times that at the motor.
5

330
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The two sides (A), Fig. 263, are made of sheet iron

or brass about M.6 inch thick. The figure shows the lo

cation of the holes for the shafts, guy rods and base

angles. The most convenient way to bore these holes

accurately is to first locate and bore the %-inch holes

in each corner of each piece and then fasten the two

pieces together with 6-32 screws through these holes and

Fig. 262 Plan of the. electric hoist

finish the plates to size. The shaft and base angle holes

are then located and bored.

Fig. 265 represents the guy rods, four in number,
which are %-inch round brass rods and threaded % inch

on each end with a 6-32 die. These rods hold the sides

in place, as shown in Fig. 262.

Fig. 264 is a drawing of the shaft (B), two of which
are needed. They are preferably steel rod, although
brass or iron will serve the purpose equally well.

The winding drum (C), Fig. 266, consists of a shaft
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on to which are soldered two discs. The best way t&amp;lt;

solder these on is to bore the hole for the shaft throng!
the disc a trifle scant and then force them on the shaft

after which it should be soldered by heating it with t:

blow-torch and the acid flux and solder applied with s

i.^ ....
fry:ttSpV^stS^/f.

Pigs,. 263-268 Betaas of the double drum electric hoist

thin rod or wire and the solder worked in the joint This
joint should be wiped while still hot and a neat -job
should result.

Each shaft requires two safety collars (E), Fig. 267
They are made of i/2-inch brass rods which is bored % 6
inch. A 6-32 hole is tapped through the walls of this

Eight, the number of collars required, 6-32 x%6-

collars
^^ ^^ WlU be

&quot;Xfl
1&quot;** for these
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The base angles (F), Fig. 268, are merely strips of
metal shaped as indicated. Their purpose is to hold the
frame of the hoist to the base. Four are required. Eight
8-32 x %-inch brass screws with nuts will be needed to

fasten the angles to the sides.

The hoist may be mounted on a base with the motors
or may be fastened permanently with the apparatus it is

f} J/&quot;4*+**A

Fig. 269 (Above), Wiring diagram of the electric hoist

Fig. 270 (Below). Arrangement of the traveling hoist

working, as on the base of a derrick or frame of an ele
vator. If mounted separately with motors, as stated

above, a base of oak, 7 x 10 x % inch, neatly finished with
beveled edges, will suffice.

The method of holding the driving gears to the shaft
of the motor is by removing the pulley from the motor
and threading the shaft with the most convenient size
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and then slipping the gear on the shaft and locknutting
it on. If there is a small hole in the gear it may be driven

on the shaft to a forced fit, which is better than the pre
vious method. Almost any type of motor is suitable as

long as it reverses easily and quickly.

The wiring diagram is represented in Fig. 269.

Double pole, double throw switches are ideal for revers

ing, although a pole-changing switch may be used if it

lias a dead point, so that the motor can be stopped with
out reversing the motor.

A sketch of one of the many uses to which the hoist

may be put is represented by the traveling hoist in Fig.
270. By its use the bucket or car may be carried to any
place at any height along the cableway. The arrange
ment is frequently seen where excavating is being done.
The details of the pulleys are not shown, same being left
to the ingenuity of the reader. At first it will be difficult

to stop the car in the desired place, but after some ex
perience, one becomes quite skilful in its operation.



CHAPTER XXVI
A MODEL GASOLENE ENGINE

Macliimnj? tbo enHtintrs Mai-ino. ^ i ^ ^ m^ ib J-viaiving the1 crankshaft The carburetor
Wpark plug designsIgnition.

m

Tho
online

has a I4nch bore and 1-inch stroke. It
is dosignod lo develop one-eighth horse power but has
nevor boon put under brake test. The weight of the
engine without flywheel is slightly less than a pound. It
is sufficiently htfht and powerful to drive a large model
airplane or a Fast, model boat.

Simplicity marks the design in every particular. It
is of the two-cycle type -and has no valves, but merely a
by-pass tor Iho exchange of exhaust and fresh gases.
The carburetor Is of the simple mixing valve type which
may bo uso&amp;lt;| with gasolene or even house (illuminating)
ffas moroly by an adjustment of the fuel and the air

supply.

Tho motor is air cooled and for ordinary runs no
fan 1ms boon found, necessary. It is designed primarily
for portablo use in, some situation where the movement
of tlio boat or airplane creates sufficient draft to cool
the cyliwlor. For stationary use, part of the radiating
flangos might well &quot;he turned off and. a simple water
jacket adapted to the cylinder. This could readily be
(lono by fitting a piece of aluminum tubing over two of
tho flanges, which would, of course, be turned down to

mako a tight force fit, the intervening flanges being re-

tnovod.

The castings throughout, with the exception of the

piston, are of inagiiolite, an alloy having a remarkable
tonsile strength with the light weight of aluminum. This

335
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metal machines very nicely and the castings come from
the foundry in a remarkably clean condition. The natu

ral color is that of aluminum, and the model, therefore,

presents a fine appearance with but little cleaning&quot; up.
The cylinder easting is bored, of course, and very

little stock need be taken out. The casting may well be
held by the radiating flanges in a three-jaw chuck for the

boring- operation. Care should bo taken to woo that the

chuck jaws have a good, firm bearing at all points bo-

Fig. 272 The main parts of the engine machined

fore attempting the cut. The casting is so clean and

accurate, however, that ordinary care will insure this.

The best method is, of course, to bore in the usual

way with several light cuts, and to finish with a parallel
reamer. This gives as nearly perfect a job as is possi
ble with the tools at the disposal of the average model
maker.

The next step is to face the end of the cylinder cast

ing at the place where it is to join the crankease. This

operation will have to be done cautiously in order to

prevent a * i

bite.
? The casting may then be removed from

the chuck and mounted upon a wooden arbor with the
dead center either passing through the spark plug hole
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or
? preferably, engaging a center hole in a plug screwed

into the spark plug opening.
The turning of the flanges is done while the easting

is on the arbor. A special tool may be ground for this

purpose from a piece of self-hardening steel. The con

tour is well shown in the photographs, while the dimen
sions may be taken directly from the sectional drawing,
Fig. 271.*

The ports and by-pass holes should not be drilled un
til the engine is assembled, as these holes must occupy
certain very important positions in relation to the travel

Fig. 273 The complete engine assembled, with ignition apparatus

of the piston. Aside from filing the port and by-passemer seats and drilling the holes in the cylinder base
toi holding down screws, the work on the cylinder cast^
i may rest at this point for the present

m?
f the cranke^ are cast from the

CaStlGg^ be held in the three-jawthe jaws gripping the bearing hub. The first
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operation is to face off the end of the casting. Then may
come the turning- of the interior. This should be finished

throughout in order to permit the crank to clear by a
small margin. The hole for the bearing bushing may
then be bored. The bushing is of brass, turned from
round stock and forced into the magnolite crankcase cast

ing. When both halves have been faced and bored and
the bearings fitted, the castings may be assembled on a
piece of steel rod passed through the bushings. With

Pig. 274 Aluminum aerial propeller constructed for use with the engine

the halves thus lined up, the screw holes may be drilled
and tapped and screws inserted.

The holes in the bushings should have been drilled or
bored %4 inch under size, and, after the crankcase has
been assembled, a %-inch reamer should be run through
the two bushings to insure correct size and absolute
alignment. Before taking the crankcase apart after this

finishing operation, the two halves should be filed up at
the joint so that they may be placed together in exactly
the same position after the crankshaft has been intro
duced.

The piston is of cast iron and it is packed with three
rings. The first operation in machining is to grip the
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casting in the chuck, taking a cut out of the open end,
and facing off this end. The casting is then removed
from the chuck and mounted upon a steel arbor with the
tailstoek center engaging a center hole bored in the small

Tig. 275 A close-up view of the timing device and carburetor

projection that may be noticed in the photograph show
ing the engine dissected.

The outside of the piston may then be turned, the
finishing cut being taken with a very smooth, round nose
tool the feed being slow and the cut very light. The
speed should of course, be high in this case. The final
working rn finish may be taken with emery cloth and

6 T6r
JT* f the finest Srade - The fit of tfc

ne
?*

not be absoklte
&amp;gt;

^ it should be so good
plston

7S
sink very slowly to the bottom o* the

against the air cushion before the packing rings
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are in. The grooves for the rings are turned with a part

ing tool ground square and to the right width.

The designers attempted to use east iron piston rings,
but found that they could not spring this very small

diameter of ring over the piston without cracking the

ring. They then turned to eolcl rolled steel and found

rings of this material perfectly satisfactory. The stock

was bored out to the correct internal diameter, which is

just a trifle larger than that of the ring channel in the

piston. Pieces of exactly the correct width were then

FILE, roe
WRENCH

L-.-V
-&quot;JJ|

% PIPE: GLflss
^&quot;BOLT

^SSEM

Fig. 276 Details of a simple spark plug for the engine

parted from the stock and each piece or ring split diag
onally in the usual manner. The split rings were then

compressed, one at a time, of course, and gripped on a
nut arbor constructed for the purpose. Then the out
side cut was taken on the compressed ring to make its

diameter a sliding fit into the cylinder bore. This re
sulted in perfectly round packing rings that were sprung
over the piston and into the grooves in the orthodox
manner.

The connecting rod is a magnolite casting drilled at
the small end for the wrist pin which passes through the

piston and filed to bear upon the crankpin at the large
end. A brass strap passes under the crankpin, holding
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the latter to the connecting rod bearing. This method is

perfectly satisfactory, as all of the work done by. the

connecting rod is on the down stroke. The strap serves

merely as a means of holding the connecting rod and

crankpin together.

The crankshaft may be a forging, steel easting, or a

built-up job, or it may be worked out from the solid if

JACKET
MICfl INSULATION

5TEEL CORE
COPPER

Fig. 277 Showing how a standard market spark plug is reconstructed

for use with the gasolene engine

the builder has the patience. The built-up crankshaft is

perhaps the easiest if it is well and properly made.
The carburetor is a simple mixing valves in which

either gas or gasolene may be admitted in varying quan
tities by means of the two adjusting screws to be seen in

the illustrations. The fuel valve is of the needle type
and its opening breaks into the seat of the poppet air

valve. The latter is limited in its travel by means of the

adjusting screw in. the top of the chamber.
The prospective builder is advised to refer to any

two-cycle engine catalogue wherein such a mixing valve
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at tliiK pc,int. The lower port of the by-pass isml l.y I he, hole in the piston at this point to
pornnt ilM- ( (uuprossed charge in the erankcase to pass
through In- by pass and into the cylinder against the
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T ,lu(,.. This latter hole is drilled in cylinder and
piston ni, the .saiim time to insure alignment. All of these
liolcts ar&amp;lt;&amp;gt; opm jit the extreme downward point.

AH &amp;lt;h(&amp;gt; piston moves upward, compressing the chargem the cylinder, all ports are covered by the piston. A
vacuum is wntod by the upward stroke in the crank-
case HO Hint nt tho extreme upward limit of the piston s
travel a charge of fresh gas will be drawn into the crank-
ao. In order to permit of this, the inlet port must be

drilled just below the piston when the latter is all the
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way tip in the cylinder. Those relations are of the utmost

importance to the efficient working&quot; of the online.

A cast iron flywheel is lilted to the model. It can

readily he displaced hy an aluminum water or aerial pro-

peller. A partly (hushed 1.4-inch aerial blade is shown in

Ki#. U74.

The engine is oiled by mixing J

^ pint of ^-ood auto

mobile cylinder oil wilh every gallon of ,iasoline when
this fuel is used. This mixture is drawn into the craiik-

on.se and the cylinder on (he suction stroke,, The oil en.

tors as a. finely divided spray which does its work most

effectively. If house gas is used, ihe oil will have to ho

put into the e.rankeaso where it will splash on the down
ward stroke of the piston. The oil level must he kept, low

in this case, as otherwise too groat a quantity of oil will

bo drawn into the cylinder through the by pass and cause

carbonisation, smoky exhaust, and poor combustion.

The model builder generally finds it difficult to pur
chase small spark plugs for model gasolene motors. The

spark plug shown in the illustration can bo mad* 1 in the

shop in a very few minutes and will hold up under serv

ice for some time.

The case of the plug is made from a pirn* of i^-inoh

pipe bored out so that a piece of -}f,j glass tubing may be

placed in it The pipe is Hied flat, as shown, so that it

may bo put in place with a wrench. The glass tube is

first heated and bent into the shape depicted in the

sketch. This is to prevent it from being Forced out of

the pipe by the pressure developed in the cylinder of the

gas engine, A slender brass machine screw is arranged

concentrically within the glass tube. The space between

the glass tube and the wall of the pipe and the. space
between then machine screw and the glass tube is filled

with plaster of Paris, which, when thoroughly dried out,

forms a very good insulating* compound. A tiny hole is

drilled on the, lower ed^e of the, pipe and n small piece
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of wire is inserted in this and soldered in place. This is

arranged in a small loop and the electrical discharge of
the coil takes place between this and the head of the
brass machine screw. Another plug suitable for this en

gine and which can be easily made is shown in Fig. 277.

To make this plug, procure the core or inner member
of any of the two-piece tapered core, mica plugs, such as

Splitdorf, Benton, Wright or Hosier. Saw off the pro
jecting mica and finish off the remainder with a file to a
smooth rounded surface, as shown in the drawing. Then

. insert the wires in holes drilled for that purpose, either

&quot;by shrinking the core over the wire or clinching the wire
in with a punch. The wires may be arranged in a variety
of ways, many of which will suggest themselves to the
builder. The easiest and simplest would be to fasten
the wire in the center electrode and bend it so that the

spark would jump from the wire directly to the shell.

Cooling vanes may be cut in the hexagonal portion
of the shell, if there is enough material, but with a mica
plug this is unnecessary.

The only disadvantage is that a large plug must be
purchased to start with; however, the finished plug is

well worth it, being every bit as good as the plug from
which it was made and easier to clean.

The spark coil for the engine can be purchased in

the open market or it may be made. A small %-inch
spark coil would be sufficient in case the coil is purchased.
If the coil is made by the builder, it should be so designed
that it will give a small, heavy spark about % 6 inch long.



CHAPTER XXVII

A MODEL ELECTRIC LOCOMOTIVE

The prototype Construction of the locomotive Its driving motors-
Finishing the locomotive.

This interesting locomotive opens a new field of re
markable fascination to those interested in railway
models. Its prototype is the giant duplex electric eno-ine
of the Pennsylvania Eailroad, which is of

especial&quot; in-

H* 27^-rne conrple* electric loco.otive , the Pennsylvania type

tTewleeTs T^ ^^ f P wer transmission to
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frame, in each unit. From a crank disc on each end of

the motor shaft, angularly placed connecting rods lead to

a crank mounted on a jackshaft, which in turn is coupled
to the drivers by side rods of the type employed on steam
machines. This construction, unusual in electric locomo

tives, makes the model a very attractive one. The model,
which exhibits exquisite workmanship in its construc

tion, measures twenty-eight inches long over all

Fig. 279 gives complete dimensions and details of tho

engine units, the two units being, of course, identical in

Fig. 280 The locomotive chassis, showing the driving motors and the
method of gearing- them to the drivers

*

every particular. The main frames are cast of brass or
bronze, in one piece -with the axle boxes, jackshaft bear
ings, and bearing, blocks for the shaft corresponding to
the armature of the driving motor in the prototype. No
difficulty is likely to be experienced in finishing these
parts, aside from the necessity of obtaining perfect parallelism of all the shaft bearings, in order to insure the
easy working of the connecting rods. This method of
construction greatly simplifies the model, and while it

n S ^soever, attempts to employ
su

3SP^^^^s^^s^ss^^SK
?
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erankpins of these members the same method was used
as was employed in the construction of the Pacific type
of steam locomotive described in Chapter XXVIII, which

greatly simplified this work. The wheels were first

mounted on their axles in approximately their correct

positions and then a U-shaped jig is placed over the

wheels and the crankpin holes drilled exactly 90 degrees
apart, insuring that the cranks will be in their correct

relation when the side rods are fitted. The bogies are

simple four wheel trucks very similar to that of the

Pacific engine, and need no further explanation. The
side rods can be cast of brass or gunmetal or worked out

from the solid piece, and present no particular difficul

ties. The brake rigging may be simply dummy or actu

ally operative, and small solenoids may everi be fitted to

give electro-magnetic brake control of the engineL A
small bolt with coil springs as cushions is used to couple
the two sections.

The cabs are made of sheet brass, well braced and

soldered, and spring over the platform of the, base. They
carry the searchlights, which may be fitted with small

flashlamp bulbs, small dummy pantographs, which, in

the large engines, are used in yard switching where over
head contact is necessary, the bells, and ventilating hoods.

The windows may be either of glass or mica. The finish

is in black and gold, identical with the large Pennsylvania
No. 30, and the lettering is easily done with small paper
letters pasted on the cab. Fitting the cowcatchers and
end platform railings completes the model.

A number of arrangements of driving motors were

experimented with by the builder, starting with tripolar

permanent field motors driving crown gears with a re

duction of five to one, the object being to reverse the

engine by changing the polarity of the exterior .track

connections. The gear reduction proved insufficient,

however, and a worm and pinion combination giving a
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forty to one reduction was attempted. This arrangement
may be seen in the photograph of the engine with the
cabs removed. While possessing great power, the re
duction was here too great, and the proper solution to
the problem seems to consist either of a combination of
worm and spur gearing to give a higher speed, or, if one
can be secured, a double thread worm and forty tooth

Fig. 281 Side view of the electric locomotive

pinion giving a twenty to one reduction. The permanent
magnet motors were not an unqualified success, and it
is undoubtedly advisable to abandon the directly reversi-
ble feature and employ standard motors of either 110
volt or battery types. There is ample room in the cab
or any arrangement that may be desired. The current

collecting mechanism, of course, depends upon the dis
position of the third rail.



CHAPTEE XXVIII

A MODEL STEAM LOCOMOTIVE

locomotive s prototype General design Construction Fittings.

The model described is of a Delaware, Lackawanna&
&quot;Western, Pacific type, passenger locomotive, built by

tlie Lackawanna Eailroad about June, 1913. At that
time it was the largest passenger engine of its type in the

world, the engine alone weighing 284,000 Ibs. and the

Pig, 282 The Lackawanna locomotive

tender 165,700 pounds in working order, and having a

capacity of 14 tons of coal and 8,000 gallons of water.
The construction of the model is started with the

maixi frames, which were made of %6-inch cold rolled

.steel-, drilled, filed and sawed out to represent the usual
bar* frame of American practice. Although this frame
of* ^L e-inch thickness seems excessive, it furnishes an ex-

eellezit foundation for the valve gear frame and cylinder
saddle. This heavy framing only extends about an inch

351
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was used which proved very successful. The wheels were

first taken in hand, bolted to the face plate, rough turned,

centered and drilled ^4 iftch for axle. The axles were

turned between centers out of large enough material to

provide for turning all over to % inch diameter. Thou
the shoulders were turned to 14 inch; a driving fit for

driver-wheels which are now driven on to axles with the

craiikpin bases as near 90 degrees apart as possible.
To drill the holes for the crankpins, a jig was made, as

shown by the drawing; and when the holes are drilled

and pins fitted, it will be found that there is nothing to

be done in the way of fitting side rods, as everything will

work out absolutely corerct. The craiikpin for the main
driving wheel is extended beyond the driving rod for the
return crank of the valve motion.

The cylinders are cast of gunmetal, as in the original
engine, in halves, and bolted together at the center.

Steam is distributed by a piston valve with inside admis
sion. The piston valve has no exhaust lap and very little

lead is -given to steam admission. The piston valve is

first ground in and then grooves turned in and packed
with a graphite steam packing which wears very well and
furnishes lubrication for the valve chamber. This pack
ing was found necessary owing to the fact that when the

engine was put under steam for the first time, the steam
would blow through the valve as soon as lubrication was
gone, in spite of the fact that air tanks at the side are
displacement lubricators. The piston valve rod has a
guide and crosshead, as shown on plan and elevation.
Crosshead and crosshead guides are machined from cold
rolled steel, and the guides are held in position by a
bracket fastened to the valve link frame, making a very
rigid construction. The method of fixing crosshead
guides is always a vexing problem. These guides are
threaded at one end and screwed into the back cylinder
head, then held apart the proper distance by a bracket
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which is made from one piece of cold rolled steel, and

suspended from the valve link frame. The cylinders are

also provided with release valves. These are ball valves

and are released by moving the release rod backward or

forward, the valves working on a taper.
The valve motion is the full Walchaerts valve gear

ing, brought down absolutely to scale and actuating the

valve perfectly. Eccentric rod, valve rod, combination
lever and crosshead union link are all made of German
silver; valve rods and piston rods are also of the same
material. The valve link is made of cold rolled steel,

case hardened. Eeversing of the engine is done by means
of the bell crank lifting valve rod up or down in the link,

as the case may be, and is operated by screw reverse
in cab.

The boiler is built on the well-known and tried

Smithies principle. The boiler proper is built of copper
tubing 2ys inches diameter and S^-inch copper water
tubes put into the boiler, as shown in the elevation. The
back and front plates are of cast gunmetal. The front

plate also has a throttle valve casing cast on it and is of
the sliding type, working on the inside of the steam col

lecting tube. Steam is supplied to the cylinders by sepa
rate steam pipes. Each steam pipe leaves the valve

casting, goes to the back of boiler, to firebox, returning
to smoke box and then to cylinder by way of outside
steam pipes. The boiler shell is built of Eussian iron

plate and well lagged on the inside with -sheet asbestos.
Both domes are dummies. The boiler fittings comprise
water gauge, pressure gauge, check valve, blower valve,
whistle bell, safety valve and &quot;Westinghouse air pump on
left side. The blower is quite a novel idea which was
gained from Mr. Wardlaw, the builder of the prize-win
ning fire engine at the last Model Engineer Exhibition
and pictured in the frontispiece. Ordinarily, it is diffi

cult to get the blower to blow true to the center of stack.
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but here it is quite a simple matter. The blower pipe is

brought along underneath boiler and connected by union
to the blower nozzle at the base of the exhaust pipe,
which at one operation brings blower in true line with the
stack. Eeference to the drawing will bring this to view
more plainly.



CHAPTER XXIX

A MODEL GYROSCOPE KAILROAD

The actions of gyroscopes Design and construction of the ear Elec

trically propelled gyroscope Bails.

Many model makers have probably often wished they
could construct a small gyroscope railroad, but owing to

the scarcity of literature on the subject of practical gy
roscopic balancing, they hesitated to start work upon the

project. The. writer has spent considerable time upon
this particular study and has developed and constructed

a small monorail car which maintains almost perfect

equilibrium and presents few difficulties in building.

Several original features are incorporated in the design
of the gyroscope used.

Although a gyroscope completely obeys the laws of

gravity, its action is very mysterious to the layman and

a few words on the subject will probably be welcomed

before the actual construction of the ear is taken up.

Reference is made to Figs. 285 and 286, which will assist

in explaining some of the principles involved. A gyro

scope may be described as a rapidly revolving wheel

which resists any tendency to change its plane of rota

tion. In Fig. 286 the gyroscope is mounted so that the

axis of rotation (A B) is vertical, while the axis of pre

cession is transversal to the line of support (C D). As

long as the gyroscope remains in a perfectly vertical po

sition, its plane of rotation will continue to be vertical.

If it is tilted as shown in Fig. 285, however, the gyroscope

will have a noticeable tendency to dip, and this is called

&quot;

precession.&quot; This peculiar action of the gyroscope

can be used to advantage in balancing a car by means of

357
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a &quot;precession fork.&quot; The idea of the precession fork is

to enforce increased precession npon the axis A B the

instant the car does not stand vertical upon the rail. In

creasing the precession in the direction in which the gy~

Fig. 285 Showing the procession of a gyroscope in the direction indicated
by the arrows

roscope tends to precess will create a new torque in the
direction of the vertical and at the same time the axis
A B will turn back to a vertical position. If the forced
precession, which the gyroscope actually stores up within
itself, is not sufficient, the car will tip over, and if this

(

Fig. 286^The gyroscope mounted so that its axis of rotation is vertical

precession is too great, the car will right itself too quicklyand fall to the other side before the gyroscope returns
to the position necessary to maintain equilibrium. Fric-

tilf
the

,
facto

^wllicl1 Ponces the forced precession,therefore the coefficient of friction must not remain con
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stant and the proper metal to use on the precession fork

must be found.

The general constructional details of the car and

gyroscope will now be treated. The body and base of

the car is made of wood, although the base can be made
of light metal if the builder so desires. The top is made
of tin and is provided with small ventilators. A small

Fig. 287 The model gyro-car balancing itself upon a wire

headlight is also arranged on the front, and this need
not only be ornamental, but can be supplied with current
from the source that drives the car. The windows of the
car can be made from glass or thin mica, which is easier
to cut and looks just as good as glass. The wheels, of

course, are made with a double flange, as they will slide
off a single rail if made in the usual manner. The trucks
are shown in detail in Fig. 290 and the reader is cau
tioned to mount them exactly in the center of the plat
form. Otherwise, the car will not be balanced properly
and the gyroscope will be called upon to work harder
than would otherwise be necessary.

Especial attention is drawn to the method of mount
ing the motor. The necessity of making the driving
truck a compact unit will be readily seen, as this must
be done so that the car will be able to turn curves. If
the motor was mounted on the floor of the car, it would
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be a very difficult matter to arrange *&*-&
ism so that the truck would be flexible
curves. If it is mounted in the manner s
TOll be experienced. The worm %ea.* *
pend largely upon the speed of the **lo
frame of the truck can be bent Into s^
gauge brass and either riveted or solder,
for the motor will have to be placed a la
and while great effort should be made to
by placing everything on board in a ceaa-,
exception will have to be made in this ca, 5
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brass - They are moiinte(i on two small posts.e clearance between the axle of the gyroscope and
precession fork should be very small, and yet the

should in no way be hindered from revolving

Pig. 289 The motor used to spin the gyroscope

absolute freedom. The gyroscope and all its parts
be well lubricated with a very thin machine oil.

Ovting to the fact that small gyroscopes cannot bal-

u:ie&amp;lt;e a weight of over two pounds, the possibility of driv-

iig* a car two feet long with dry batteries becomes very
Demote. By arranging an improvised trolley on this

uocLel, quite a heavy current can be carried to the motors
#itlxout any addition in weight. To do this, a wire is

suspended directly over the rail or wire upon which the

*,ax&quot; is to run. Each wire is connected to the source of

.uirrent and the current is led into the car by a small

sorrel &quot;which runs to a little pulley or trolley that runs

the copper wire. An ordinary trolley cannot be

as this would tend to prevent the car from tipping

uxcL tlie gyroscopic effect would be lost. The small flexi-
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We cord permits the gyroscope to do its work, and in

this manner unlimited power may be provided for the
motors. If it is desired to run the car on a rail in place
of a suspended wire, a method of making rails from

Fig. 291 Top of the gyroscope, showing the precession fork

heavy wire and mounting them on ties is shown in the
drawing. In making cars of this type, the following: facts
should be kept in mind by the builder :

The center of gravity should be kept as low as pos
sible.

GYEOSC
5H/9FT

OF
PRECESSION?

Fig. 292 Details of the gyroscope

The car should be perfectly balanced.

The weight should be reduced to a minimum.
If these instructions are carefully carried out the
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builder should have no trouble in producing a successful

gyroscope model.

If the car is run on a rail in place of a wire, the trol

ley wire will be suspended in a different manner and a

different type of trolley will have to be used also. This

is necessary because the trolley must be supported by

poles and the trolley used on the single wire cannot get

o 9 a

wise.

Tig. 293 How rail joints are made, using heavy wire as the rail

past the wire supports. In this case, an &quot;L&quot; shaped

trolley can be employed so that the trolley wire supports
can be fastened to one side of the trolley wire.

By use of the heavy wire for the rail, a large railroad

can be built &quot;with very little cost. A rheostat can be used

in the motor circuits so the builder can control the speed
of the car at will.&quot;



CHAPTEE XXX
A MODEL CATEEPILLAK TANK

Framework of the tank Tractors Driving motors and gearing Reel
for feed cable Covering the tank.

The construction of a model tank that limbers along
under its own power just as the big fellows do offers a
very interesting project for the model maker.

The framework of the tank is made almost completely
of wood. The construction is started by cutting out the
two side pieces from %-inch stock. At the widest point
these pieces measure 9 inches and they are 25 inches
overall in length. The shape of these sides can be seen

by referring to Fig. 294, which shows the side of the
tank. The drawing is not dimensioned, as it is believed
most builders would alter the design to suit their own
tastes and that the general directions would suffice. If

the builder desires to make the tank exactly as shown,
however, he should not experience any trouble, as the

various parts can be proportioned in accordance with
the dimensions given for the two side pieces. The proper
size of the various parts can also be seen from the draw

ings, as they have been made exactly in proportion.
After the side pieces have been cut and trimmed up

with a wood rasp, several cleats are nailed to their inner

sides. The shape and position of these cleats is shown

very clearly by the dotted lines in the drawing of the

side of the tank. These cleats serve two purposes. They
are used to nail the crosspieces to and they are also used

to offer better bearing support to the wooden rollers that

carry the belt. The crosspieces are nailed in place as

shown. A large board is nailed to the bottom of the two
365
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cleats that run along the lower end of the tank from the

big driving pulley in the back to the large pulley located

near the front at the bending point of the belt. This

Fig. 294r Details of the- model tank

large board acts as a floor and support. The other

erosspieees act merely as braces.

The rollers are made next and several different sizes

are needed, as will be seen. Twenty of the small rollers

will be used and these should not be under one inch in

length their length should be just equal to the width
of the belt used. The pulley or rollers measure iy2 inches
in diameter and they may be cut or sawed from a single
piece of the proper size. If the builder does not have
access to a wood-turning lathe, the rollers may be ob
tained from a planing mill. The bigger rollers are pro-
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cleats that run along the lower end of the tank from the
big driving pulley in the back to the large pulley located
near the front at the bending p&int of the belt. This

Fig. 294 Details of the model tank

large board acts as a floor and support. The other
crosspieces act merely as braces.

The rollers are made next and several different sizes
are needed, as will be seen. Twenty of the small rollers
will be used and these should not be under one inch in

? ru
61 &quot;

,
ngth Sh&amp;lt;mM be *** e

&amp;lt;l

ual to the width
of tlie belt used. The pulley or rollers measure 1% inchesm diameter and they may be cut or sawed from a single
piece of the proper size . If the builder does not have
access to a wood-turning lathe, the rollers may be ob
tained from a planing mill. The bigger rollers are pro-



A Model Caterpillar Tank 367

vided with flanges which keep the belt in the proper po

sition, the smaller rollers merely acting as supports.

The small rollers are held in place by ^-ineh cold roll

rods provided with a thread at one end and a hole at

the other through which a cotter pin passes to prevent
the roller from slipping off. The threaded end of the

rod is turned down so that there will be a shoulder. A

Pig. 295 The model tank with the sides removed

small washer is placed over the threaded end of the rod,

and this comes to rest against the shoulder. The rod is

then placed in the hole in the wooden side and a nut

screwed on the opposite side. This holds the rod rigidly
in place and the roller can then be put in position and
locked there by means of the cotter pin. It is understood,,

of course, that the rollers should be permitted to revolve

freely and with a minimum of friction. The large rollers

are not held in this manner. In place of the small rod

that acts as a bearing for the smaller rollers, a rod runs

from one side of the tank to the other, protruding at each

side. These rods should not be smaller than % inch, and,
with, the exception of the main driving roller on the back

of the tank, they are held in place by means of a cotter

pin and washer.

The tractors of the machine are made from two

lengths of one-inch leather belt. Small wooden blocks

are fastened to the belts by means of nails or brads. The
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blocks can be nailed close together or spaced, a short dis-

tance apart. If desired, the nails can be of such a
]&amp;lt;m#tii

that they -will protrude a short distance on the opposite
sides of the blocks so the tractors will obtain a better
grip on the surface the tank is traveling on.

The driving units will now be considered. The driv
ing rods are provided with large gear wheels which am
driven by worms on the motor shafts. It will be scum that
each of the large driving rollers are provided with a,

separate shaft and the ends of these are both supported
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duction necessary will depend entirely upon the speed of
the motors. The motors are connected to the driving
shafts by means of a knuckle or improvised universal
joint. This is quite necessary to prevent binding and
constant readjustment of the bearings, as the wooden
supports are not capable of holding themselves rigidly
in place and will therefore cause trouble. This universal

Fig. 297 The reel and commutator device for the feed cables of the

model tank

joint is very simple and merely consists of a pin or &quot;tee
77

on the motor shaft proper running in a U-shaped piece
011 the driving shaft. The photograph shows this ar

rangement clearly, as well as the method of mounting
the motors in the cradle and clamping them down.

The tank is now ready to be covered with galvanized
iron. Two pieces are first cut to cover the sides. These
are drilled full of small holes arranged systematically-
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Small rivets are then placed in the holes and hammered
down. The top is covered in the same manner. If the

builder desires, he can arrange the guns on the sides and
front. To carry the model nearer to perfection, it can

Fig. 298 Wiring diagram of the motors and controlling rheostats

be daubed with various colored paints to represent
camouflage.

Being that the driving motors of the tank obtain their

power from the lighting circuit, it will be necessary to
have the tank pull its feed cables with it. An arrange
ment devised by the builder is shown in Fig. 297. Two
50-foot flexible cords are wound up on an especially con-

Fig. 299 Drawing showing how the tank appears when completely
assembled

structed reel. This reel is provided with four copper
rings and brushes so that the current can pass into the
cables while the reel is revolving. Mounted on the board
with the reel are two small rheostats, one for each motor.
By varying the speed of the motors, the tank can be
steered nicely. If one motor is stopped, the tank will
pivot itself and turn very shortly.
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The ingenious builder will readily see the possibility

of mounting a small caliber gun in one of the gun turrets

and actuating it by means of a solenoid and plunger. The

plunger is attached directly to the trigger of the gun.
If blank cartridges are used, a very realistic effect can

be had. The feed wires for the solenoid can be carried

on the same reel that holds the wires for the motors.
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A MODEL SIEGE GIT3ST

Machine work on the gun Construction of the wooden wheels Finishing
the gun.

The barrel of the gun is to be considered first. This

measures 13 1Ke inches long over all. It has a bore of

% inch and is 2*4 inches in diameter, at its largest point.
The barrel should be turned out from a piece of 2 i/&amp;gt;- inch,

cold rolled steel and is tapered as shown in tho drawing.
The breech of the gun measures 1% inches outside diam
eter and this tapers to 1% inches at the center ol: tho

gun. From this point it tapers from 1% inches to %$
inch at the muzzle. After the barrel is turned, to tho

proper shape and dimensions it is bored out and roamed.
While the original model is rifled, the builder KS not ad
vised to do this unless he is especially qualified to ac

complish the operation, as it requires groat skill and
elaborate equipment The gun, of course, can bo firod
without being rifled and rifling adds no great valuo to
the finished model.

The hole for the breech mechanism is made noxt by
boring a hole 15/w inch, drilling transversely through tho
barrel of the gun, as shown in the sketch. After this holo
is drilled, it is finished square on one side by means of a
file. The rear end of the barrel is left open and the holo
is slightly beveled on the edges to permit the free en
trance of the shell. After the muzzle is turned and
drilled, it should be polished with fine carborundum cloth.

^

me breech mechanism is made next and this is very
simple consisting merely of a solid piece of cold rolled
steel cut to the dimensions shown. This is inserted in
the transverse hole through the breech of the gun after

372
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bold &quot;the
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eye bolt on the lower end of the carriage frame. The
handle or wrench which is used on the locking arrange
ment is cut from cold rolled steel or brays and lias a

square hole in it which fits over the shaft of the eccen

tric. Owing to the peculiar shape of the breech, it will

be impossible to do any of the work on the lathe. It

would not be found difficult, however, to form this by
other means, as with careful filing and grinding it can
be accurately made. The supporting shafts should now
be fitted to the sides. These measure % inch in diameter
and they may be threaded and screwed in place by drill

ing and tapping a hole in the barrel to receive them.

Although the sighting mechanism is not essential, it

adds greatly to the general appearance of the weapon,
and it is not difficult to construct. A small, sharp-pointed
pin is inserted midway on the barrel between the mvmle
and the breech. The other part of the sight is attached
to the extreme rear of the barrel and consists of a small
scale arranged to slide vertically and provided with a
small set screw, by means of which it can be adjusted to
various heights. On the top of the scale there is filed a
small notch, by means of which it is possible to sight the
gun with the pin in the middle of the barrel.

The carriage of the gun will be considered next. This
can be made either of cold rolled steel or brass, as the
builder desires. The sides of the carriage can be made
up nicely from i/8-inch brass plate and the edges should
be bent at right angles and drilled as shown. The two

. sides of the frame are held together with two cross bars
of cold rolled steel which are bolted in place. The end
of the frame which rests upon the ground is cut as shown
and covered with sheet brass or steel, bent to the same
shape as the end of the frame pieces. A small hole is
drilled in the sheet brass which runs across the back of
the frame to provide for a chain, which prevents the gunfrom flinching. If a shaper is at hand, the frame pieces
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can foe made from cold rolled steel measuring 1% inches

xi/2 inch x 11 inches. Although this will make a very

substantial piece of work, there is no objection to the use

of brass, as the whole gun is painted black after it is

made. Two small folding steps are placed on each side

of the gun and attached to these is a small steel rod

which drops to a vertical position when the step is raised

and thus holds it in place. These steps are used when

the gun is being loaded and not when the barrel is being

adjusted, as many would think.

The elevating screw, which is used to adjust the

range of the gun, is next made and this is actuated by the

handles that appear on each side of the carriage. Each

handle is attached to two separate shafts, at the opposite

end of which is fixed a small beveled gear. These two

gears on the small shafts engage with a larger beveled

gear that is fixed to the elevating screw. As these han

dles are turned around, the barrel of the gun can either

be raised or lowered, depending upon the direction in

which the handles are turned. Although the elevating

mechanism on the original model is somewhat elaborate,

the builder can alter the design to suit his own desires,

as this motion can be very easily produced by a more

simple method. One end of the elevating screw is at

tached to a rod which runs from that point to the middle

of the bearing supports, where it is fixed to a rod which
runs across the carriage. This rod is free to move with

a vertical motion as the gun is raised or lowered.

The bearing supports are cut from cold rolled steel,

and unless they are made accurately the barrel of the

gun will not move freely. The bearing supports con

sist of two separate parts. The part upon which the

barrel actually rests is bolted to the frame of the car

riage and the other part consists merely of a small piece
which slips over the lower piece of the support and pre
vents the shaft from slipping out of. place. This is quite
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a difficult part of the gun to produce and there would be
no objection to making an ordinary bearing to take it*
place.

The shaft for the wheels is now put in place and tin*

bearings for these are bolted to the upper end of the
carriage frame. The wheels, are made out of wood and
this

can^easily
be done by cutting two semicircular rim

pieces with a coping saw. The spokes are cut from oak,
and one end is made to fit in the hub, and holes are drilled
in the two rim pieces to receive the other end of the-

spokes. Before the spokes are put in place, the holes
should be filled with a good grade of carpenters glue.
After this is done the periphery of the wheel is wound
with wire and is left in this way until the glue is firmly
set. A small brass bearing is then inserted in the hub
and a thin strip of sheet iron is placed around the periph
ery of the wheel to act as a rim. The rim can be made
of the proper diameter, after which it is brought to a
red heat and burned on to the wooden wheel. Two small

&quot;bushings placed on the wheel shaft prevent the wheels
from sliding out of their place. Attached to the back
end of the carriage is a small scale which drops into po
sition when the gun is being fired. This is graduated in

millimeters. Directly under the wheel shaft there is an

other scale graduated in the same manner, which also

drops into position when the gun is fired. These scales

are used to bring the gun back to its proper position after

it flinches upon being fired. The forward scale is held

in place with a hook and this hook releases it and it drops
in a vertical position.

This completes the gun, and after aU parts are pol

ished it can be painted a dull black, which gives the fin

ished model a very business-like appearance. The paint

should have no gloss in it, as this would detract from

the appearance of the model.



CHAPTEE XXXII

HOEIZONTAL SUNDIAL

Construction Marking Finishing

Although sundials are not used for indicating the time,

they are of great interest to those who are scientifically

bent, and in this article some simple instructions for

making a circular horizontal dial are given.

Fig. 304 A vertical sundial of English design that indicates both

summer and winter time

First of all procure a piece of soft white wood about

%-inch thick and about 10 inches square. Draw on this

380
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a circle 9 inches diameter with a pencil compass, and cut
round along this line with a fretsaw, the resulting circular
piece of wood being shown at A in Fig. 305. Now scribe
a circle 7 inches diameter with an old pair of dividers, on

Tig. 305 Fig. 306

Details of Base and Gnomon and Plan of the Graduated Dial.

Fig. 307 Fig. 308

Perspective View of tne Complete Sundial.

this, as shown in Fig. 307. Cut out a slot Sy2 inches long

and Ys inch wide with a fretsaw, which is to take the

gnomon or style Fig. 306.

This gnomon, or style, should next be fitted to the

circular wooden base by inserting the bottom into the

slot B and gluing well into place as shown in Fig. 308.
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Care must be taken to ensure that the style is fixed exactly

at right angles to the dial board. This can be done by

testing it with a setsquare, first one side and then the

other.

Now the dial is practically finished, excepting the

markings to record the time.

The two lines representing noon can be scribed with a

sharp penknife, as .shown in Figs. 307 and 308 on the

north side of style, i.e., the direction to which the style

is pointing. The reason for these two lines % in. apart,

is to allow for the thicktfess of the style. The lines for

6 a.m. and 6 p.m. can be scribed as shown. The inter

vening hours had better be found by trial, although if

those shown in Fig. 307 be transferred they will be ap

proximately correct.

The best way to do this is to place the dial perfectly

level with the aid of a spirit level, on a suitable support
in the garden where the sun shines air day, so that the

noon marking is pointing to the north. Select a sunny

day and with the aid of a good watch showing mean
time (i.e., one hour slower than summer time), and add

ing or subtracting so many minutes to allow for the

equation of time, endeavor to mark the half-hours and

hours. Supposing you wish to calibrate this sundial on

August 1, you would have to add 6 minutes to the time

shown on the watch.

The dial being temporarily fixed as before stated, a

mark should be made every half-hour with a fine pointed

pencil, and when all the hours and half hours between

4 a.m. and 8 p.m. are obtained they can be scribed on

with a penknife and the figures put on as shown in Figs.

307 and 308.

The sundial is now complete and should be given a

thin coat of any good transparent varnish and left to

dry for at least two days. &quot;When dry it can be per

manently fixed on the top of a &amp;gt;stout wood pole or fancy
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pillar in a sunny position, care being taken to tret it

exactly level and pointing to the north. Fig. 30* sln\v&amp;gt;

tlie finished dial on a wooden pole.

The following table gives the approximate .,;;:*&quot;...:.

of time for the first of every month thruu^L^/iit tiit* year;

Min. MIL.

January 1st +3 July 1st + H 1 *

February 1st +13% August 1st

March 1st + 12y2 September 1st

April 1st + 4 October 1st 10

May 1st 3 November 1st 16

June 1st 2i/2 December 1st 10

The plus sign indicates that the equation of time is

to be added to the meantime and the minus sign that it is?

to be subtracted. Times for intervening dates can lie

found in any nautical almanac.



CHAPTER XXXIII

A MODEL STEAM YACHT

Planning the work Different Parts

The model steam yacht Georgia
7 ? was built from the

picture of a steam yacht which appeared in one of the

popular yachting* magazines.
After figuring out a scale from the picture to work

&quot;by,

two blocks were cut to form the keel line and then nailed

to a board about 7 feet long. The keel, which is a strip of

white pine y in. x y2 in. x 5 ft. x 6 ins., was fastened to

this with small brass brads.

The .stern was cut to shape from a piece of % in. x 2

ins. stock 6% ins. long and cut away from the forward

edge to a depth of % in. to receive the planking. The
stern frames were made from % *& pine? and the upper
one -is 3 ins. long, while the lower one is 4 1

/2 ins. Each
side of both pieces is cut away to a depth of % & x % in.

to receive the planks. The lower frame on the under
side was cut away the full width to a depth of % in.

running back 1% ins. In the center, another cut was
made % in. deep and y2 in. wide, into which the keel

was fastened. This is shown clearly in the engravings.
The two frames are then temporarily fastened together

by nailing them to the block cut at an angle on the under
side to give the correct slant to the lower frame. They
are then temporarily tacked to the keel with small brads.

A form was then cut from a % in. board to act as a

guide in cutting the frames to -shape. As there was no
cross section view of the yacht, the shape had to be orig
inated. It was then fastened to the keel with small nails

midway between the stern and stem. One of the strips
384
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(it had been previously turned out at the mill from clear

pine ys in. x y2 in. x 7 ft.) was -screwed firmly to the

upper rear frame and to the stern to form the deck line.

After a strip was in place on each side, two more were
fastened to the lower stern frame and carried forward

Fig. 309 A close-up view of the cabin

to the bow. Two more were then fastened on each side

of the keel about midway between the keel and the last

strip put in place. This gives a general outline of the

hull. Patterns were then cnt out from heavy cardboard

and fitted into the frame work of the hull at intervals of

6 ins. They were then taken out one at a time and a

frame to correspond was cut from % in. white wood

Each frame was cut 3 ins. square at the top and increased

in width at the keel, where they measure 1 inch. This

was done to prevent splitting. A 14 in. x % in. piece

was then cut to fit on the keel. After the frames were in

place and firmly fastened to the strips, the hull was taken

off the block and turned over. Each frame was then

made fast to the keel with % in. flat head brass screws.

The stern of the craft is finished next. After remov-
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ing the block which held the two frames in pine
were bevelled off on the upper edge and fastened t&amp;lt;

with strips of fy in, \vood r which wen* left
protru&amp;lt;

that tliey could be finished afterwards. The
worked each way from the center, as each piece
be cut wedge shape to make a good join!, Afte

Fig. SlQTta finished vessel ready for launching

wore firmly fastened in place with small nails arid

they were (mushed with a small block plane.

^

The work of putting on the planking wan starl
this point, Beginning from the first strip that wan p
the next strip was put on and fastened to the

uj;

atrip in which tho stern had Imm et % in- The
]

wore worked forward and fastened to the frames
two 00.14 in. flat head screws. Nearly 7(K) of
screws were required in tho const rucf ion&quot; of the hu

The work went; along smoothly until tho curve i

frames was reached and than a fpront deal of troubli

oxperi(nced as the strips had to be first tacked in



A Model Steam Yacht 387

and then bevelled off on the inner edge to make a good
joint. As the strips were fastened on the underside of

the stern frame and worked forward, they had to be

twisted at right angles as they reached the midship
frame. Two screws were put in each one, both in the

upper and lower edge, to draw it to the frame. This

procedure, however, split so many pieces that a box had
to bo made to steam the pieces in before they were put
.in, place.

The ports were then laid out and % in. holes bored
between two -strips to receive them. The ports were
made, of

i/&amp;gt;
iiu brass window stop washers with the bot

tom filed off. As these pieces have a flange on the face,

they make a very suitable article for this purpose. A
piece of celluloid fitted in each gave the appearance of

glass.

The gunwale of the boat was made by screwing two

pieces of
%&amp;gt;

in. x % in. strip between each frame. After

this, a third strip %&amp;lt;$ in. wide of the same thickness was
fastened along (lush with the bottom edge of this to form

a, support For the deck. This is shown in the sketch

marked Fig. JJ15. This drawing also shows the way in

which the deck beams were placed and fastened to the

frames. The deck is in sections, being the full Avidth

of the hull and extending lengthwise to the center of each

deck beam. The deck sections are %c&amp;gt;
in. thick with

strips glued and screwed across the grain on the under

side to prevent splitting and warping. The bottom rail

which supports the hand rail is made of 14 *1L square

brass in one piece. This was bent to fit the line of the

hull and drilled every two inches with a % in. drill to

receive the uprights, which are ys in. brass rod, 1% ins.

long with a %2 in. hole drilled through % in. from the

top to accommodate the wire which forms the middle

rail. The awning supports were cut 3*4 in. long, 13

being needed. The awning is made of very fine muslin
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and is fastened to a %e in. brass wire which is soldered

in place on top of each post. The top rail of the railing

is % in. brass rod soldered to the uprights.
The funnels are sheet brass, oval in shape. They

measure 2*4 ins. x 1% ins. and reach a height of 6^ ins.

The brass is bent so as to cause the edges to meet and

then soldered from the inside, which forms an invisible

seam. They were then soldered on to the brass cover

which fits over the hole in the deck. This cover is held

in place by %e in. brass strips which are shown in .sketch

Fig. 313. This sketch also depicts the cover, funnel, steam

pipe and the pipe of the whistle. The cover is 1 in. deep
x 4 ins. x 5 ins. with an oval hole in the top for the funnel.

The aft companionway is of % in. wood fastened to

gether with small brads. The sliding cover is cut in one

piece. The under side is cut away, leaving a narrow

strip on each side to hold it in place. The doors are

finished with tiny hinges made from very thin brass

held in place by brads. The -skylight between the funnels

is covered with celluloid.

The ventilators present quite a problem, but this can

be very easily overcome by making a copper tube % in.

in diameter and drawing the funnel end out to the right

shape with a very small faced hammer. A Me in. collar

was then soldered around the tube at the base of the

funnel which held it in place on top of a thin piece of

1/2 in. pipe, fastening in the deck as shown in the drawing.
The gangway is of brass 1% in. wide with two plat

forms ys in. thick. The sides of the steps are Me in.

thick. The steps are made of very thin sheet brass sol

dered to the sides, which are hinged to the upper and
lower platforms. The upper platform is fastened to

the lower deck rail with two brass pins fitted in holes
drilled in the railing and platform so that the gangway
may be taken off.

The cabin is constructed next, and this is built up of
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narrow strips of oak. The uprights and cross pieces

form the window frames and are cut from % in. stock.

The filling for the panelling was made from wood ob-

Fig. 313

Constructional details of the boat
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tained from berry baskets. All the pieces going into

the construction of the curved front had to be thoroughly
steamed before being fastened in place. The doors are

one piece panelled with a knife and a deep groove sawed

Plank-

F.

in Inches

..

Fig. 315

Fig. 316

Constructional details of the boat

in the top and bottom into which fits the track they slide

upon. The windows consist of single strip of celluloid

running around the inside of the cabin.

The bridge is constructed of sheet brass and % in.

rod of the same material. A careful examination of the

drawing will reveal the constructional features of this

part and no further description is necessary.
The wheel was. made from a brass ring 1% ins. in
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diameter and drilled for the spokes. These were firmly

isoldered to the gear which is connected to % in. rod

running through the floor to the bridge into the hull,

where it is connected to the rudder with firm picture

wire. There are two running lights on the roof of the

cabin and one inside. The current for these is supplied

by two dry batteries and controlled by a small knife

switch at the left of the wheel.

The capstan was made from a piece of brass rod

% in. in diameter. As no lathe was available it was filed

roughly to shape and a % in. hole drilled in one end in

which was sweated a y2 in. piece of 14 in. rod.

The hull is painted with a dark green under body.
The foundation for this is prepared by applying several

coats of white lead and turpentine, each coat being rubbed

down until a smooth surface is obtained.

The motive power is a % in. x % in. single acting

engine driven by a flash boiler. Flash team, however, is

very inconvenient to handle in a boat of this nature,

owing to the many adjustments that are necessary for

the power plant. It offers a grave possibility of fire

when the boat is in the center of the lake.

Although the speed of a flash power plant cannot be

duplicated with an electric motor, it nevertheless offers

some security for the safety of the model and the effect

produced will be just as Satisfactory.
A small electric motor used in connection with two

light storage battery cells will be sufficient to propel the

craft at a reasonable speed and a small switch can be

included with the deck fittings by means of which the

power can be controlled.

To produce a realistic effect with electric propulsion
it is only necessary to provide a couple of smudge boxes

placed in the base of the funnels. Oily waste or some
similar material that will have a tendency to burn slowly
with much smoke can be used.



CHAPTER XXXIV

A 34-INCH SPREAD MONOPLANE MODEL

fuselage Tail skid .and motor stick Propelled shaft and motor liook

Turtle deck formers Motors Main planes Stabilizer .Rudder

and elevators covering and doping Assembling and flying.

Before attempting to construct this model, study the

drawings carefully. This machine should not weigh

over six ounces when completed if care is taken in the

Pig 318 Robert Jares, a* CMcago model enthusiast^ Has DnJlt a model

Mplane flier that will fly 130 feet in 20 seconds

construction. This model has proven to be a fast and

stable flyer and will withstand rough usage. Betore

taking up the construction of this model it is advisable

for the reader to obtain the following: A small driU

holder, one or more No. 61 drills, a sharp knife, a small

393



394 Model Engineering

hammer, a package of small nails
14&quot; long known as

brads and a medium size can of Le Page s glue.

FUSELAGE

The Fuselage is built up of % square spruce. Obtain
a board large enough, to enable you to lay out full size

the outline of the fuselage, .stablizers, elevators and rud
der. Care must be taken so as to make the curves exact.

Now place along the lines of the layout headless nails,

Fig. 319 This flying monoplane model has speed and graceful lines

any size will do to hold the material in place while it is

drying. Boil the longerons of the fuselage and the strips
that form the edges of the stablizers, elevators and rud
der in water at least half an hour. Then place the moist

strips in the molding frame and allow to dry at least

twenty-four hours. In the meantime the fuselage struts

may be cut to size shown on the drawing. After the

longerons are thoroughly dry mark off the positions for

the fuselage struts. Using the No. 61 drill, bore holes

in the longerons of the fuselage at the points where the

struts are to be placed. Place a little glue on each end
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of the struts and by using the small hammer and nails

fasten them in position to the longerons members. Care

should be taken so as to avoid splitting the wood.

The radiator is of KG&quot; spruce shaped as shown in

the drawing and is fastened to the fuselage with nails

and glue. The landing gear is -of 1
/4&quot;

reed bent to the

&amp;gt;slmpe
shown by passing over ,a gas or candle flame. It

is thoii bound to the fuselage with thread and glued.

Pig. 320 Plan view of monoplane model that weighs less than six ounces

The axle is a piece of %&quot;
steel rod cut to the length

shown and bound with thread to the landing gear and

glued. Aluminum disc wheels 2&quot; in diameter are u^ed.

TAIL SKID AND MOTOR STICK

The tail skid is of %&quot; square spruce cut to the size

shown and fastened to the fuselage. The motor stick is

of spruce %o&quot; square. This is fastened in the fuselage

at two points only, that is, it is bound with thread and

Allied to the first and second fuselage struts. Before

placing same in the fuselage attach propeller hanger,

motor hook and propeller shaft as shown in the drawing.



396 Model Engineering



A 34^-IncJi Spread Monoplane Model 397

PROPELLER SHAFT AND MOTOR HOOK

The propeller is made of poplar or white pine, 12&quot; in

diameter and is medium pitch. If the builder is not

experienced in carving propellers it is best to purchase

same from a model supply house as this is the most diffi

cult part of the model to make. The propeller is attached

to a %c&amp;gt;&quot; plain bearing propeller shaft as ball bearing

RADIATOR

Fig. 323

FRONT VIEW

Fig. 322

shafts do not always give satisfaction, especially if not

properly installed. The propeller hanger is made from

aluminum Me&quot; thick and is bent to the form shown in

drawing. The motor hook is bent from a Ms&quot; steel rod

to the shape shown.

TURTLE DECK FORMERS

Make the turtle deck formers to the size indicated

and fasten in place to the fuselage in the position shown,

by glueing, and drill a hole with No. 61 drill, place a
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small brad in it For extra strength. These formers are

cut 1 rom ! t&quot; spruce.

MOTORS

Seventeen feet of
%&quot; Hat rubber is required for the

motive* power. This should be looped into 14 even

strands. Place one end in the propeller hook and the

other iu the motor hook, before the fuselage is covered

with tht paper,
MAIN PLANKS

The ribs are cut from spruce M/ thick. The rib

should be lai&amp;lt;l out full si^o, us it is reduced in the draw

ing
1

. (Vtre tnusl bo lakon when cutting these ribs out to

be sun 1 and have thorn all the exact size and all holes for

the wing brains, which are
%&quot; dowels, must be in line.

As ihore art* a number of ribs to he made, a metal pattern
or template may bo cut and drilled to act as a jig to

insure uniformity in ribs. After the ribs are placed on

the* wing beams and arc* properly spaced according to the

drawing fhey are glued and allowed to dry. After the

glue is dry the edges, which are %&quot; rood, are put on.

Thin is dune* by tying the reed buck over the wing beams

with strong thread and glueing the reed to the ribs. The

wing tips an* heni to the shape shown by bonding
1

only

after heating by panning them over a gas or candle flame,

(!aro should bo taken HO as to make all the tips the same

shape*, Om^eighth in, aluminum tubing is used for the

wing beam sockets so as to permit the builder to dismantle

the mode! easily* If unable to obtain aluminum tubing,

brass or copper may bo used. Two pieces of the tubing

aro required, cut to the length and attached to the fuse

lage at tho points shown by the wing spars on the side

viow by biw lintf and glueing.

HTAJUU/KKSt HI.KVATORS A KTI) EUDDBB

The Hlabilifcors, elevators and rudder are made of

rood for tho edging and %&quot; square spruce
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in pieces. The elevators can be made in one piece with

the stabilizer if desired as they are not movable after

they are attached to the fuselage.

COVERING AND DOPING

Bamboo paper is used for covering the main planes,*

fuselage and controls. Cover the bottom first and allow

to dry. After it is dry the extending edges may be

trimmed off close to the reed edges. Then cover the top
side. Care must be taken to have the paper lay even and

without wrinkles. Both sides of the elevators, stabilizers

and rudder are covered in this manner. After the cover

ing is completed and the glue is perfectly dry, the dope
is applied. This is best applied with a soft brush as a

stiff brush is liable to puncture the paper covering. This

dope can be purchased from any model supply house.

Four ounces are required to dope the covering properly.

Apply the dope evenly then place away to dry.

ASSEMBLING AND FLYING

After the covering is thoroughly dry, the model may
be assembled. If the elevator and stabilizers are made

separately they may be joined together by drilling holes

through the edges of -same with a No. 61 drill and then

joining them with fine wire. The rudder is attached to

the rudder post in the same way. The extending ends

of the wing beams are inserted in the aluminum sleeves

forming part of the fuselage. The propeller is placed
on the shaft so that the entering edge cuts the air first.

After the model is completed and assembled choose

a field free from trees. Wind the propeller about 75

turns, grasp the model at a point in the middle of the

fuselage holding the propeller from turning with the left

hand. Launch gently forward from you in a level line at

the same time releasing the propeller. Do not attempt
to fly this model in a strong wind as the wind is liable to
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force it to the ground and it may be broken. To fly this

model from the ground choose a hard and level surface.
Wind the propeller 175 times, then place model on the

ground and it will rise and make a graceful flight, but not
as long a flight as when hand launched.
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A Monioij KLiwntio .LAUNCH

The small model shown in the accompanying illust

lion possesses no remarkable speed, hut it 1ms boauti

linens and makes a very nice modi*! for display purpo^
The length of the hoat over all is 2 ft. 4 inches 11

it has a draught of 1 inch. Its breadth is 4 indies aw

.

.a i

Fig, 325 A photograph of tlict finished model rating on a cradle wu

especinlly to hold it

lias a depth of iJ l

/j incluis. Tho lo\vt*r part of the h

is cut from two solid boards of yellow pi no and these 11

giiunl together and hollowed out, us shown in the sket

of the cross-section,
rPhe outsi&amp;lt;Ie of the 1 bout is carv

into shape with a, draw knife, and after the proper slut

IB obtained the, hull i# (IniHliecl with sandpaper of vario

g*:rits ? -starting&quot; with a eoai^se grit paper and ending wit!

fine grit paper. The hull ean then be given a single ec

of filler and net away to dry while the turtle deck

being made.

The turtle dock can bo hewn from n pine* hoard or

402
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may be made up from thin strips steamed and bent into

(lie proper shape. A small hatch-way is made on the

deck, and this lias two doors that can be opened to exam
ine and repair the driving motor and batteries. The top
is then finished in the same manner as the hull. The deck

fittings are few and simple. Two lights are mounted on
each side in the front and one in the middle. A small

Fig. 326&quot; Above Cross section of the finished model showing arrange
ment of mechanism. Below Top view of the &quot;boat

light is also mounted on the stern. These can be small

electric lights supplied with current from the batteries

that drive the motor, or they can be dummy lights carved

out of wood. A small ventilating funnel is mounted on

the front directly between the two lights. This can be

fashioned from wood or bent into shape from two pieces

of tin and soldered. The craft is provided with several

flag sticks, as will be seen from the photograph. The

cockpit is made as shallow as possible to provide room in

the interior of the hull. Small chairs are made of wood

and glued in place in the cockpit.

The rudder is made from a piece of sheet brass and is

soldered in place in a small brass rod that has been split

with a hack saw to receive it. The propeller is made of

sheet brass, and the blades are held in place with solder.

The propeller is fastened to the end of a small i/
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brass rod, which is sufficiently large for the small power
of the driving motor. The propeller passes through a

small brass tube which is placed in the hull and provided
with packed bearings to prevent leakage. The motor is

a small, light affair driven with current supplied from a

battery of flashlight cells. The cells are connected in

series with a small switch and the motor. The switch is

arranged directly under the hatchway doors or cover.

In arranging the driving equipment of the craft it will

be necessary to maintain its balance. If it does not bal

ance properly when placed in the water, it can be counter

balanced by means of small pieces of lead.

&quot;When the filler is completely dried, the hull and deck

of the boat are again sandpapered and then stained the

desired color. After this the complete boat is varnished

with some waterproof preparation.



CHAPTEE XXXVI

STORAGE BATTEBIES FOE MODEL BOATS

Small storage batteries Construction plates, etc.

Electric drive is ideal for small boats that are not

intended for speed. The experimenter will find it quite
difficult to purchase storage batteries small enough to

be used on such boats, and the use of dry cells is both

SOLDEEtD
OZMENT5 flSSEMBLEDf

RUBBER
BflNDS

TCEMINflLS
-*

-^.

VENT
FIBEE

PEfcfOR/qTIONS

FILLED WITH
SULPHURIC flCID

AND RED LEflO

TOBflCCO

LUG;

PL^TE

Fig. 327 How the plates of the storage battery are made and

assembled

expensive and impractical because of the extreme weight
and comparatively low power delivered.

A battery of small secondary cells can be easily con

structed using ordinary tin tobacco tins as the containers.

The tin is rendered impervious to the action of the elec

trolyte by covering the interior of the tin with a thick

405
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coat of far or* pilch which can ho molted and run in.

tins can bo obtained very easily and will afford a \

uniform appearance.
The plains, two negative and one positive, are cut f

sheet lead and drilled full of small holes as illustru

These lioles are (Hied full of a mixture consisting of

lead and sulphuric acid mixed together in the form o

paste with enough consistency to remain in place w

put in the holes. The sulphuric- acid is not used in

concentrated condition, hut is first diluted with one p

of water. A Her the plates are dry, (hey are moun

together after placing sc^paralors he(wc k

&amp;lt;n (h&amp;lt;in.
r

i

separalors an mad( k from very thin wood soaked

pa,raflin, The coiupht( unit is then placed in the c

taiiHM* and a
pi&amp;lt;

kce of wood (which has been treated w

paraflin) is cut to lit the top of (lie tin box. The h

from the plates project through the top and small hi)

in# posts ar&amp;lt;* (iiUul to them. After the wooden cover

arranged in place, hot tar or pitch is poured over it a

this operation seals the top of the cell Before doing tl

a, small piece of tflasw tubing is put in place by means

a hole in the wood cover. This tube projects above t

tar in the cover and acts as a vent for Urn escape of t

gases generated within the colL



CHAPTER XXXVII

(JONSTIUTOTTON OF MODEL MAEJNE PROPELLERS

( onHtructioxi Model complete

To the experimental engineer who spends all Ms
leisure moments in his little shop watching a model de

stroyer, Submarine or speed boat grow up under his

hands, the problem of making the propeller eventually

comes. .It came to me in making a wireless controlled

model destroyer, and after wondering a considerable time

about the matter, I finally found a rather simple way
out of it.

The dimensions will be left to the builder as he knows

best what .he wants. The method is the big problem and

the object &amp;lt;&amp;gt;F this article.

The 1mb Is the first part to consider. It can be turned

out easily From brass rod of the diameter wanted. No

definite curve need be followed in shaping this, though

it should have a good .streamline form so that it will

cause no efficiency-destroying eddies that absorb valuable

power.

Referring to Fig. 328, it will be noticed that the great

est diameter is about one-third of the distance from the

flat end or bearing surface- The hole for the shaft is

bored in about two-thirds of the length, then a small hole

is bored at right angles to the shaft hole and tapped for

a set screw.

The blades will be taken up next. Sheet brass is the

material used for those, cut similar to the shape shown

in Fig. 329. In order to be efficient, the blades must be

curved and when assembled the blade should be as near a

true screw as possible. That is, in revolving, a point

407
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near the middle of the blade travels through a smaller
circumference than a point near the end of the blade.

Therefore, the middle of the blade must be set at a lesser

angle with the line of advance than the end of the blade
so that the two points can travel the same distance in

t-Lrne ofAdvance

Fig. 328 Fig. 329 Fig. 330

Fig. 331
Saw Cuf- Fig. 332

one revolution of the propellor. This is clearly illus

trated in Fig. 330.

^

In order to have the curve in all the blades exactly
alike, they should be bent in a simple form carved in a
block of soft wood similar to Fig. 331. The position of
the blade is shown by the dotted line.

When this has been done the parts are ready to be
assembled. This operation is one that requires accurate
work and a mistake may be easily made, so it is best to
plan each step fully before attempting to carry it out.
The blades are set in saw cuts in the hub and soldered.
The angle of the cuts determines the pitch. To lay out
the slots, -as many equi-distant points are made around
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the largest circumference of the hub as there are blades
in the finished propeller. These points mark the places
where the saw cuts are to be made. Of course, all the
cuts must be at the same angle and depth, most easily
accomplished with an improvised mitre box. This can
be made from the two pieces of wood fitted with shallow

Fig. 333 A completed marine propeller

holes corresponding with, the pointed and &quot;bearing ends

of the hub as illustrated in A and B, respectively, Fig.
332.

Place this arrangement in the vise with a block at the

bottom to keep the two pieces parallel and then turn the

hub until one of the points marking the position of 2

blade is in line with the saw cuts. Then tighten the vis&amp;lt;

so that the hub cannot move and with a hacksaw cut to a

depth of about one-eighth of an inch in the hub. Loosen
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the vise and turn the huh so that the next point is in lin

with the saw cuts and proceed as before.

The sa,w cuts should be a little wider than fho thiel

ness of the material used for (he hla&amp;lt;les so that the- sli& I:

enrve at the base ol ilie hla&amp;lt;le will hold it in the saw mi

until it can be securely soldered.

In soldering (he blades in place, do not be afraid o

putting on too much solder, as it is to be filed dow
smooth later and the propeller balanced in this mannei

When such propellers a. re made for hi#h speed boat

it is advisable to silver solder the blades on to UK* hul

in order to prevent them From becoming* loose and fall

ing out. There is a groat strain on the blades when re

voiving in water*



CHAPTER XXXVIII

MAKING A MODEL RAILROAD TRACK

Co n st rue t i o ii
,

etc.

The rail illustrated is made by casting antimonial

lead or other similar alloy in a mould made of red fibre.

The mould is produced in a shaper with a formed cutting

tool, or, .railing a shaper, it could no doubt be satisfac

torily made by using a revolving cutter in a lathe. The

most difficult part of the whole operation is the tool,

which is shown at 335 and 33(5 in the drawing. This tool

was made by grinding a piece of %-inch high speed steel

as shown. The outline of the edge of the tool has the

exact outline of the left half of a cross section of the fin

ished track.

The mould is made of two pieces of half-inch sheet

fibre, 10-inch long, trued accurately in the shaper or

otherwise, after which, the groove corresponding to half

of the track is cut. The feed should be fairly slow to

avoid tearing the fibre, and the tool should be fed into

the work until a depth is arrived at which will give at

least a one-sixteenth inch web to the track when the two

halves of the mould are in position for pouring. If the

web is made too thin, difficulty will be experienced in ob

taining good casts. The last few cuts should be very

light, so as to produce a smooth surface. Any imper
fections in the tool or in the mould will be reproduced in

the track, of course, and any roughness in the mould,

besides delivering a rough track, will give much trouble

in getting the cast track out of the mould.

The dimensions shown are approximately on a scale

of one-inch to a foot, and are sufficiently true for model
411
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work. The extra thickness of the web is not noticed in

the finished track.

In casting the track, the halves of the mould are held

together with a small clamp, and the bottom open and

stood upon a flat piece of cold iron. When the melted

metal is poured in the top it goes through and hits the

Fibre

Fig. 334=

Top

Fig. 335

Side

Fig. 336

iron bottom and freezes at this point instantly. I have

found this plan, though somewhat crude, to be much

superior to more artistic schemes in point of convenience

and speed in knocking the mould apart and re-setting.

The dimensions given in Fig. 334 can be enlarged

somewhat, especially if a large number of rails are to be

made, as the heat warps the fibre. If the alloy used has

a comparatively high melting point, or if much pouring
is done, the fibre should be thick-walled; the thicker the

better.

Some practice will be required in getting the right

temperature of the melted alloy for the best results. Too
much heat burns the paper and ruins the track with the

gases produced, and, if the metal is too cold, it will freeze

without filling the mould.
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The end of the mould at which the pouring is done
should be cupped out somewhat with a countersink to

facilitate pouring. In grinding the formed tool, a moder

ately fine wheel should be used, so as to produce a good
sharp edge. Rough-edged tools cannot be used for cut

ting fibre, but if the tool is sharpened right the result will

be as clean and smooth as if cut in brass. Slight side

clearance should be given to the tool all over. It will be

noticed that the tool is made so that the top and bottom

of the track are not flat, but slope slightly from the centre.

It is practicable to make this slope so faint as to be al

most negligible. However, some degree of slope is nec

essary in order to get the track from the mould, and if a

perfectly smooth and straight top and bottom are wanted,
it will be necessary to file the track afterward.

An attempt to make the mould of brass failed, as the

cold mould chilled the alloy instantly, preventing its flow

ing and heating the mould to a point where pouring might
be feasible renders it difficult to operate by hand.

Substitutes for most of these details can be devised,

with a little ingenuity, to enable those who must work

entirely with hand tools to produce the same results.

Thus, hard wood could be used instead of fibre, the formed

tool could be made out of thin file steel and used in a

rabbet plane.

Using antimonial lead and making track of the dimen

sions shown, one pound of alloy used will make about

four feet of rail. The nature of the alloy used will de

pend much upon the kind of traffic it is expected to with

stand, but moderately hard antimonial lead will stand up
well tinder all ordinary conditions, and the track pro

duced by the above method is very pretty to look upon,

and unusually easy to lay, as curves are easily made by

simply bending the track by hand.



CHAPTER XXXIX

A MODEL PASSENGER CAB

Body Vestibule Sides Details

The method of constructing the body of the c^ r 1N

very Simple and but few tools are needed. To begin AVI 1 *i,

full size drawings should be made of whatever pai Liy
11

lar car is to be modeled. This simplifies construct-! 011

greatly. As seen by the cross section drawing, five
plo&amp;lt;*&amp;lt;

* s

of wood are all that are needed. The floor is made o f/ *

inch pine or wliitewood. This is made the full size o Lin 1

car but allowance should be made for whatever thicks ic*^ s

of bristol board is being used for the sides. The rool * s

made of two pieces, each piece being first shaped njr&amp;gt;
^o

the required form and then glued together. Along* Lin 1

bottom sides of the roof, and allowing for the thiclci:ioHs

of the sides of the car, is fastened a piece of 14-In &amp;lt;&quot; Is

square wood the entire length. Against these two striuA-C 1

ers, the sides of the car will be fastened.

The vestibule ends are made of thin sheet brass ar&amp;lt;l

after the windows are cut in (and the door if desiirocl )

these ends can be screwed with small wood screws to 1:1 10
floor and roof. The end pieces, being of metal, carry ti 1 1

the weight of the roof.

The sides of the car are made of three-ply bristol
board which is about 1-32-inch thick. Draw the oirfclliu*

of the sides and all the windows in pencil and then &amp;lt;3itt

them out with a razor blade. Now glue to the insido o f
the sides of the car a strip of celluloid, such as used fo:r
side curtains of automobiles. This forms the

Before putting the sides of the car in -place, it

be well to paint them the color that the prototype
painted. After this paint has dried, give the sides

414
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good coating of varnish, and don t forget to varnish the

inside of the roof and floor.

The sides can be put into place. They are glued and
nailed with very small brass escutcheon pins. These
will look like rivet heads and the car will appear like an

up-to-date steel coach. Drill all holes before putting in

screws and nails to prevent spliting the wood.

Details such as ventilators, battery box, air tank, toll

box and couplings must be left to the builder.

The truck frames were cast from a metal pattern in

brass and they are of the center screw equalizing type
with white metal wheels which were imported from Eng
land. This makes a very easy and flexible truck which
will travel a very rough track at a high rate of speed.
These truck frames are true reproductions of the stand

ard Pennsylvania passenger car trucks and add wonder

fully to the appearance of the finished car.

In lettering and finishing the car, nothing is simpler
than to get some paper letters with gummed backs and
stick them in their places. These letters are made by
the Tablet and Ticket Co., of New York City and carried
in stock by large stationers. Letters can be procured in

white, black and red but if the desired lettering is to be

bold, all that is needed is the white letters which can be

painted with gold paint, before sticking into place. The

striping can be done with a ruling pen. Black lines can
&quot;be made with drawing ink but for gold stripes, the writer
has found thin yellow paint to give the best results.

Paint the roof of the car a dull black also the truck
frames and wheels. The window sashes are painted on
the celluloid windows with paint a shade or two lighter
than the car itself. The steps and vestibule ends are bent

up out of thin tin plate and nailed and soldered into

place. There is nothing to stop the builder from turning
up a piece of brass for a small dynamo and hang this

from the bottom of the car just behind the truck.
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The writer desires to draw attention to the fact that

the model described is not made exactly to scale. This
model was made to roll on U

0&quot; track and if the exact

scale drawing had been followed the resulting car would
have been considerably out of proportion. The depart
ures from the scale drawing is not great enough to seri

ously distort the outline of the car in relation to its

Fig. 338 The prototype of the coach described

prototype as a careful examination of the two photo

graphs will reveal.

The serious model railroad engineer should take an

occasional trip to the local yards with his pocket camera

where he can snap pictures of various coaches for study

purposes in connection with the construction of his model

cars. Many of the large manufacturers of railway cars

are willing to furnish serious model engineers with blue

prints of their coaches or literature which contains a

scale drawing of the coach to be constructed. This is a

wonderful help.

If the model railroad engineer sets out to make sev

eral of these cars to add to his rolling stock, the writer

advises him to make the parts for all of his cars at one

time, in place of finishing one car and then starting upon
another. This increases output and relieves the job of

much of its monontony. The parts of all cars should be

cut to shape first.
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Four-cylinder steam engine 175-186

flash boiler for 184-186

Freighter, model lake 260-265

Furnace for case hardening 86

G

Gas engine, model 336-345

Gauge, small pressure, for model boilers 239-241

Gears, screw-cutting on lathe 49

Glasses, water, for model boilers 238

Glolfe valves for model boilers 237

Grinding disc, for lathe 5S

for polishing head 93.

Grinding head, wheels for 89-

small 89
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PAGE

&quot;Grinding lathe tools ... 34

Grinding wheels, band of 96-98

elastic 97

grit of 95

mounting of 98

restoring surface of 98

rubber 98

silicate 97

speed of 96

vitrified 97

Grit of abrasive wheels 95

Gun, model siege 372-379

Gyroscope, action of . 357

H
Hard soldering 78

outfit for 78

Hardening, case 84-88

Hardening and tempering steel 82-88

Hoist, model 330-334

Hull for model record-breaking hydroplane 242-24(5

Hull for radio controlled submarine 284

Hydroplane, model record-breaking 242-259

model record-breaking, engine for 248-259

model record-breaking, flash boiler for 246-247

model record-breaking, hull for 242-246

Interior thread cutting 51

Internal latlje work 43

-Jewelers abrasive wheels, mounting of 90

Jig for forming turbine buckets 213

Knurling 37-38

hand 38

machine 37

tool, position of . . . 38
^

L

Xiaeing belts 31
Laekawanna locomotive, model of . 351-356
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PAGE

Lake freighter, model of ....... 260-265

Lap board 93

Lathe, back rest for 56

cabinet for small 61

center of 51

countershaft for 31

drill pad for 57

face-plate for 56

grinding disc for 58

lead hammer for 58

lead screw of 49

method of driving 28

position of 30

requirements of, for spinning 42

screw cutting gears of 49

selection of 26

setting&quot; up of 30

tool, clearance of 36

tools, grinding of 34

tools, positive and negative rake of 34

work . 25-64

work, internal 43

Lead screw on lathe 49

Lubrication for drilling
71

M

Machine knurling 37

Marine boilers 220

Marine engine, crankshaft &quot; - - 164r

two-cylinder 153-167

Melting point of silver solder 79

Metal spinning
41

Metal turning, elementary 33

tools 33

Model boiler fittings
231-241

Model boilers, all types - 215-230

single-flue
217

with super-heater
223

Model caterpillar tank 365-371

reel for . . . . . ,
. - . - - - ^ 299

Model crane 322-329

boom for 326

Model electric locomotive .
346

Model engineer s workshop 15-24
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PAGE

Model gas engine .,.... 336

spark plug for ........... 341-342

Model gasoline engine . 336345

spark plug for 344-345

Model gyroscope, action of 357

car 357-364

railroad 357

railroad, rails for 364

Model hoist, double-drum electric 330-334

Model Laekawanna locomotive 351

Model lake freighter 260-265

Model Sharpie-type boat 266--272

Model siege gun 373-379

Model steam locomotive, Laekawanna 351-361

Model submarine chaser 273-280

Model submarine with radio control 281-321

Mounting of abrasive wheels 98

N

ISTozzle, drilling of, for steam turbine ..... 207

O

Oil pump, for flash steam plant, operation of 171
Oil tank for flash steam plant, operation of 171

One-piece patterns, making of 108

Outfit for hard soldering ,78

P

Parted patterns, making of ......... 114

Pattern, draft of . . . 107-108
fillets 123

making 100-125

Patterns, allowance for casting shrinkage. 125
core box 113
core prints 116

making one-piece 108

parted HO
parted, making of 114

preparing surface of 101

proper wood for 101

Pickle, for electro-plating 132
for silver soldering ...&quot; 78

Pitch of threads 49
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PAGE

Polishing 91

abrasive powder for 92

flat surfaces 93

wheels for 92

Powder, abrasive for polishing 91-92

Preparation of surface for soft soldering 73

Pressure gauge, small for model &quot;boilers 239-241

Propeller, airplane
339

submarine 297

Proper temperature for case hardening steel 84

Pump, oil for flash steam plant, operation of 171

water, for model Sharpie-type boat 271

Pumps, water, for model steam engines 239

R

Radio-controlled submarine ,......- 281-321

automatic control for 305-308

hull for 284

motor for 28S

relay for ^11

transmission for 289

Railroad, model gyroscope
.357

Bails for model gyroscope railroad 364

Bake, positive and negative of lathe tools 34

Reel for caterpillar tank 299

Relay for radio-controlled submarine 311

Reservoir, water for flash steam !71, 172

Riveting boilers
21

^

Rotary valve for three-cylinder engine
187

Rubber abrasive wheels

S

Safety valves for model boilers 231-234

Scott type boiler
2

J
Screw cutting

Screw cutting gears, mounting of

ratio of . . *.

Screw cutting tool
.

&amp;lt;?

46
grinding of

Seating of safety valves
*

Semi-flash model boilers
^u-^o

Setting up lathes

Sharpie-type model boat ~

9 ~

Shrinkage of castings, allowance for on patterns ^
l-

Siege gun, model
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abranive wheels

Stiver solder, composition of ...
molting point of

Silver Moldoring ..,,.,
outfit, for

pickle for ..,...,
Single cylinder steam engine .,,
Single Hue model boilers

Six-cylinder airplane engine , . .

Six cylinder steam engine, rotary airplane
Small lathe

Soft and hard

Soft, Hol&amp;lt;l&amp;lt;M in^ ......,,,..,, 7{

silcohol burner for .... ..... 7,

(hue for ....... . 7;t 7

preparation of HiirfjH o for ...,,,, 7,

of olj(M ts for ..,.,,,.,, 7(

,
Hoft ...,...,.. 71

Spark plug for model #M en^iiu* , , , , , . 1 1 1 , Ji:.
1

, .&quot;Uf,
,MT

Hpi lining, nitvtal ........ 41

nujuironiontH of latlio for ,,,,,,, !

Stoaiu ottgiiio, c.rankNhafl. for mariiK&amp;gt; , KM

Four-&amp;lt;ylindor ............ 184

four-&amp;lt;
i

,yJiud&amp;lt;u* airplane, boiler for . , , , . , 1S4

four-cylinder flanh .....,,.., 17*5, IHt!

ningle cyllndor ..... . , . , !4H If&amp;gt;2

8iX&quot;yliii(J&amp;lt;^r uirpltiuo .....,..,. IfHI

Hlide crunk ....... . 1,17 141

tIir&amp;lt;MVM*yliijder airplane ........ , 187

three-cylinder, rotary for airplane ..... . IN7- W7
marine ...... 15,1

WcHtttitfhotiMc t.vpo ,,.., 140J4IJ

loc.ontotivo, model hacka wanna ..,.,. ,&quot;1,1 1 .#5&amp;lt;f

turbine ...... , IUS,^14

Htoatti turbine tioxxlo y drilling of .,..,.,. JJ07

Stool, har&amp;lt;i(ining of ........... 8H

hoating of, for variouH hardnoKH ....... H,
f

i

impregnation of, with rarbou ......,, 85

tonnporing of ,*....,,, . .H*J.,,H8

Hubnmrino rhunor, inodol ..... , U7H...i28(&amp;gt;

Htibmurino, model rudio-cont rolled ....... ^HI.^IUI

propel lor .,*,,,.,,, *J|&amp;gt;7

Tank, model caterpillar ..,.,..,. *I6H&amp;gt;,171

oil for /hwh Hteam plant , , , , , , ,171
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PAGE

Tempering steel 82-1
Thread gauge -......!.&quot;!!! 46-54
Thread, properly cut 50

United States Standard 45

Threads, .interior cutting- of 51

pitch of 49

Three-cylinder steam engine, rotary airplane . . . . . 187-197

Tinning 76
Tool cabinet 21
Tool for boring bar 44

Tools, shop collection of 20

inotal turning 33

wood turning 32

TransmiHuicm for radio-controlled submarine 289

Turbine, steam 198-214

Turning metal, elementary 33

Turning of crankshafts 39, 40, 146, 151, 164, 179

Twin-cylinder steam engine, Westinghouse type .... 140-146

Twin-cylinder Westinghouse steam engine, crankease for . . . 142

Two-cylinder inuri.no engine 153-167

1 Tin* tod States Standard thread 45

Use of abrasives 89-99

Valve, rotary for three-cylinder engine ....... 187

Valve check, for model boilers 237

globe, for model boilers 237

safety, for model boilers . 231-234

safety, seating Of 233

spring 226-233

weight 234

Vat, electro-plating 128

V-block, use of 70

Vitrified abrasive wheels 97

W
Waterbaek for model boilers 222

Water cocks for model boilers 234-236

Water glasses, for model boilers 238

Water pump, for record-breaking hydroplane 257

for model Sharpie-type boat 271

Water pumps, for model steam engines 239

&quot;Water reservoir, for flash, steam plants . . . . . 171, 172
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Wheels, abrasive ..... ...... S9-99

polishing 92

Wiring objects for soft soldering ........ 76

Wood, proper for patterns ... ...... 101

Wood turning 32

tools
., 32

Work bench, construction of ......... IS

Workshop, model engineers
7 ........ 15-24

model engineers ,
tool equipment of ..... 19
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_CATALOGUE OF GOOD, PRACTICAL BOOKS

ALLOYS AND ALUMINUM

METALS AND THEIR ALLOYS. By CHARLES VICKERS.

ThlH work is intonwoly practical, and is indispensable to everyone interested in metals
and their alloys, Tlio owner, manager, metallurgist, choraist or the worker in the

shop will find hwo information that heretofore has boon so difficult to obtain. It deals
with motalH from their origin to their useful application, both individually and as parts
of alloyn, used wlwro strength, ductility, toughness, durability, lightness, color, hard-
noHH, cheapness, conductivity or hearing properties arc demanded. The chapters
on the easting of copper, the making of manganese bronze, aluminum bronze,
aluminum alloys, red nraws, yellow brass, steam metals, bearing metals, babbitts,
white* metals, phosphor bronze, gun metals and nickel alloys are crowded with for

mulas. tcstrd and tried, together Avit.li the physical properties of the alloys and their

cast-iiiK peculiarities. It is a, treasure-house of information for the metal worker,
a convenient reference for the trained technical man, and a, source of inspiration for

the engineer who must select alloys mosi suitable for his work. 800 (6x9) pages.
lit) illustrations. Price .... ........... $7.50

METALLURGY OF ALUMINUM AND ALUMINUM ALLOYS. By ROBERT
J. ANDKUBON.
Tins volume is a modern, authoritative treatise on the metallurgy of aluminum, and
its liirlit. alloys, and covers t.he subject fully from the mining of the ores to the fab

rication and applications of l.ho metal. While it has boon written especially with a

view to bring practical, Iho more theoretical aspects of the subject have not been

up/decled The origin, occurrence and distribution of aluminum ores and methods
of inininr are taken up in an early chapter, while iho production of aluminum itself

hv modern electrolytic methortH IB also discussed. The. uses and applications of the

nii Uil ami HH alloys are treated in detail. Considerable attention is given to the

nremntion of ullo v-s Cor casting and working, and the most approved methods for

pwpariiu.r the principal alloys are taken up. The best methods of melting, together

with descriptions of the principal types of furnaces, am given detailed, treatment.

ThV fouwlltiK &amp;lt;&amp;gt;!
aluminum alloys, including casting losses and defects, is discussed

&amp;lt;mlt fuUy, im! i-\w information will be of Kroat value to foundrymen in the successful

^UcMou of castings. i)0 j&amp;gt;a,gos (0x9). 2J)5 illustrations. Price . . $10.OO

AUTOMOBILES

THE AUTOMOBHISPS POCKET COMPANION AND EXPENSE RECORD.

By Vxctoit W. PAG^.

Thte book te not only valuable as a convenient cost record, but contains much in-

format on of vUiuo to motorlHte. Includes a (Condensed diRest of auto laws of all

KS! a lubrication aclioclulo, hints for wire of storage battery and care of tires

KtiOti of rSad trouWw, anU-froossinK solutions, horse-power table, driving hmt
wwfta tablcw au&amp;lt;l recipes of interest to all motorists. Pocket size.

Pnce^

AUTOMOBILE WE1BING WITH THE OXY-ACETYLENE FLAME. B;

M KMITII

^^
r^^^^

ht te &amp;lt;l
I inoltilnK point are fully explained and the proper methods to

{nSroome them shown. 107 pages. Fully illustrated. Price..... $1.5G

HINTS AND TIPS FOR AtJTOMOBILISTS. By VICTOR W. PAGK.

8rao^U
l

^^&quot;fwMlo
n
l2a.Uto a t t to occur under ordmary

cohdltloiw. Price ................
3



CATALOGUE OF GOOD, PRACTICAL BOOKS_
AUTOMOBILE REPAIRING MADE EASY. By VICTOR W. PAGE, M.B.

A comprehensive, practical exposition of every phase of modern automobile repairing
practice. Outlines every process incidental to motor car restoration. Gives plans for
workshop construction, suggestions for equipment, power needed, machinery and tools
necessary to carry on the business successfully. Tells how to overhaul and repair all
parts of all automobiles. Everything is explained so simply that motorists and students
can acquire a full working knowledge of automobile repairing. This work starts with
the engine, then considers carburetion, ignition, cooling and lubrication systems. The
clutch, change-speed gearing and transmission system are considered in detail Contains
instructions for repairing all types of axles, steering gears and other chassis parts.
Many tables, short cuts in figuring and rules of practice are given for the mechanic
Explains fully valve and magneto timing, &quot;tuning&quot; engines, systematic location of
trouble, repair of ball and roller bearings, shop kinks, first aid to injured and a multi
tude of subjects of interest} to all in the garage and repair business.
This book contains special instructions on electric starting, lighting and ignition systems,

D6Q
.00

WHAT IS SAID OF THIS BOOK :

&quot; Automobile Repairing Made Easy is the best book on the subject I have ever seen
and the only book I ever saw that is of any value in a garage.&quot; Fred Jeffrey Martins-
burg, Neb.
&quot;I thank you for Automobile Eepairing Made Easy. I do not think it could be
excelled.&quot; S. W. Gisriel, Director of Instruction, Y. M. C. A., Philadelphia, Pa.

AUTOMOBILE STARTING, LIGHTING AND IGNITION SYSTEMS Bv
VICTOR W. PAGJ, M.E.

&quot; *

This practical volume has been written with special reference to the requirements of the
non-technical reader desiring easily understood, explanatory matter, relating to all
types of automobile ignition, starting and lighting systems. It can be understood by
anyone, even without electrical knowledge, because elementary electrical principles are
considered before any attempt is made to discuss features of the various systems.These basic principles are clearly stated and illustrated with simple diagrams All the
leading systems of starting, lighting and ignition have been described and illustrated with
the co-operation of the experts employed by the manufacturers. Wiring diagrams areshowa in both technical and non-technical forms. All symbols are fullv exDlained It
is a comprehensive review of modern starting and ignition system practice, and includesa complete exposition of storage battery construction, care and repair. All types of
starting motors, generators, magnetos, and all ignition or lighting system units are
fully explained. The systems of cars already in use as well as those that are to comeare considered. Every person in the automobile business needs this volume. 5Mx7MCloth. 892 pages, 563 illustrations, j&amp;gt;ver 325 Wiring Diagrams. Price . $3.OO

HOW TO RUN AN AUTOMOBILE. By VICTOR W. PAG.
This treatise gives concise instructions for starting and running all makes of gasoline
automobiles, how to care for them, and gives distinctive features of controlTj5e-MBS &amp;lt;ss tf-M ssss

^ Thoro
$
u
i
g
.ol

T 2* CAR ITS CONSTRUCTION, OPERATION ANJ&amp;gt;

REPAIR, INCLUDING THE FORDSON FARM TRACTOR, F. A. LIGHT-
STARTING

*
SYSTEM F *D MOTOR TRUCK. By VICTOR

most cPmPlete apd Practical instruction book ever published on the Ford
n
tor

; /5 ?arts of the Pord Model T car and Fordson tractor
illustrated, in a comprehensive manner. The construction Is

operating principle made clear to everyone. Complete instructions
ar
2 SJ

ven S the New Revised Edition matter has been
Tractor Conversion Sets and Genuine Fordson Tractor.

repair processes illustrated and fully explained. Written
ivTn

?
t eor

y&amp;gt;
n guesswork. New revised and enlarged Edition

187 iUustrations, 455 pages, 2 large folding plates. Price . $3 .OO
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THE MODERN GASOLINE AUTOMOBILE ITS DESIGN, CONSTRUC
TION, OPERATION AND -MAINTENANCE. By VICTOR W. PAGE, M.E.
Just off the press NEW 1928 EDITION. This is the most complete automobile book
ever issued. Covers every recent improvement in relation to the automobile. A
complete illustrated description of the new Ford Model A Car is included. This is
the most complete, practical and up-to-date treatise on automobiles and their com
ponent parts ever published. All phases of automobile construction, operation
and maintenance are fully and completely described and in language anyone can
understand. Every part of all types of automobiles from light cars to heavy motor
trucks and road tractors is described in a thorough manner; not only the automobile
but every item of its equipment, accessories, tools needed, supplies and spare parts
necessary for its upkeep, are fully discussed. It fully considers the power plant and
its auxiliaries, also chassis and body construction in minute detail. All latest develop
ments, such as high speed motors, sleeve valve engines, straight eight engines, air
cleaners, fuel niters, oil separators and rectifiers and numerous other developments
are considered in detail. The latest ignition, carburetor and lubrication practice
is outlined. New forms of change speed gears, and final power transmission systems,
and all latest chassis improvcmonts are shown and described, such as four-wheel
brakes, air brake systems, balloon tires, hypoid gear drive, four-wheel drive, front-
wheel drive, etc.
The large demand for the previous editions of this book, this being the sixth time
the bo9k has been completely revised and entirely reset, makes it possible to treat
in detail all the latest improvements, including the new Model A Ford car.
This book has been the standard for many years, and is used in practically every auto
mobile school, college and university as a textbook and by the United States Army
and Navy, 1000 new illustrations. 1150 (6x9) pages. Price .... $5.0O

WHAT IS SAID OF THIS BOOK:
&quot;It is the best book on the Automobile seen up to date.&quot; J. H. Pile, Associate Editor
Automobile Trade Journal
&quot;Every Automobile Owner has use for a book of this character.&quot; The Tradesman.
&quot;This book is superior to any treatise heretofore published on. the subject.&quot; The
Inventive Age.

THE MODERN MOTOR TRUCK, ITS DESIGN, CONSTRUCTION, OPERA
TION AND REPAIR. By VICTOR W. PAGE.
Treats on all types of motor trucks and industrial tractors and trailers. It considers
all types of trucks, gasoline and electric, and all varieties of truck bodies. This book
is written in language everyone can understand and is not in any sense . of the word
a technical treatise. It is a practical volume that will make special appeal to the
truck driver who seeks to better his position and to the mechanic charged with the
repair and upkeep of trucks. The factory or business executive who wants to obtain
a complete working knowledge of truck operation problems will find this book a refer

ence work of great value. The truck salesman or automobile dealer will find that
this work contains information that means money to them. All garage and service
station men should have a copy of this book for reference because truck construction
differs from passenger car design in many important respects. Anyone |who reads
tins book is in touch with all the practical features that have been tested out in real

service. Cloth (6x9) 962 pages, 750 illustrations. Price . . . . . . $4.0O

GASOLINE AND KEROSENE CARBURETORS, CONSTRUCTION, IN
STALLATION AND ADJUSTMENT. By VICTOR W. PAGE.

This is a simple, comprehensive, and authoritative treatise for practical men ex

plaining all basic principles pertaining to carburetion, showing how liquid fuels are

vaporized and turned into gas for operating all types of internal combustion engines in

tended to operate on vapors of gasoline, kerosene, benzol, and alcohol. All leading types
of carburetors are described in detail, special attention being given to the forms devised

to use the cheaper fuels such as kerosene. Carburetion troubles, fuel system troubles,

carburetor repairs and installation, electric primers and economizers, hot spot mani
folds and all modern carburetor developments are considered in a thorough manner.
Methods of adjusting all types of carburetors are fully discussed as well as sugges
tions for securing maximum fuel economy and obtaining highest engine power.
This book is invaluable to repairmen, students, and motorists, as it includes the
most complete exposition on kerosene carburetors ever published. ^

The drawings
showing carburetor construction are made from accurate engineering designs and
show all parts of late types of carburetors. 213 pages. 89 illustrations. . $2.0O

5



CATALOGUE OF GOOD, PRACTICAL BOOKS

AUTOMOBILE, AVIATION AND MOTORCYCLE CHARTS

AVIATION CHARTLOCATION OF AIRPLANE POWER PLANT TROUBLES
MADE EASY. By MAJOR VICTOR W. PAGE, A.S., S.C.U.S.R.
A large chart outlining all parts of a typical airplane power plant, showing the points
where trouble is apt to occur and suggesting remedies for the common defects. In
tended especially for aviators and aviation mechanics on school and field duty.
This chartjwas published during the year 1917. Price ..... 80 cents

AUTOMOBILE CHARTS

GASOLINE ENGINE TROUBLES MADE EASYA CHART SHOWING
SECTIONAL VIEW OF GASOLINE ENGINE. Compiled by VICTOR W.
PAGE, M.E.

It shows clearly all parts of a typical six-cylinder gasoline engine of the four-cycle
type. It outlines distinctly all parts liable to give trouble and also details the de
rangements apt to interfere with smooth engine operation.
Valuable to students, motorists, mechanics, repairmen, garagemen, automobile sales

men, chauffeurs, motorboat owners, motor-truck and tractor drivers, aviators, motor
cyclists, and all others who have to do with gasoline power plants.

It simplifies location of all engine troubles, and while it will prove invaluable to the
novice, it can be used to advantage by the more expert. It should be on the walls of

every public and private garage, automobile repair shop, club house or school. It can
be carried in the automobile or pocket with ease, and will insure against loss of time
when engine trouble manifests itself.

This sectional view of engine is a complete review of all motor troubles. It is prepared
by a practical motorist for all who motor. More information for the money than ever
before offered. No details omitted. Size 25x38 inches. Price ... 35 cents

LOCATION OF CARBURETION TROUBLES MADE EASY. Compiled by
VICTOR W. PAGE, M.E.
This chart shows all parts of a typical pressure feed fuel supply system and gives
causes of trouble, how to locate defects and means of remedying them. Size 24x38
inches. Price 35 cents

LOCATION OF FORD ENGINE TROUBLES MADE EASY. Compiled by
VICTOR W. PAGE, M.E.
This shows clear sectional views depicting all portions of the Ford power plant and
auxiliary groups. It outlines clearly all parts of the engine, fuel supply system, igni
tion group and cooling system, that are apt to give trouble, detailing all derangements
that are liable to make an engine lose power, start hard or work irregularly. This
chart is valuable to students, owners, and drivers, as it simplifies location of all engine
faults. Of great advantage as an instructor for the novice, it can be used equally well
by the more expert as a work of reference and review. It can be carried in the tool
box or pocket with ease and will save its cost in labor eliminated the first time engine
trouble manifests itself. Prepared with special reference to the average man s needs
and is a practical review of all motor troubles because it is based on the actual ex
perience of an automobile engineer-mechanic with the mechanism the chart describes.
It enables the non-technical owner or operator of a Ford car to locate engine de
rangements by systematic search, guided by easily recognized symptoms instead of by
guesswork. It makes the average owner independent of the roadside repair shop
when touring. Must be seen to be appreciated. Size 25x3$ inches. Printed on
heavy bond paper. Price 85 cents

LUBRICATION OF THE MOTOR CAR CHASSIS. Compiled by VICTOK W.
PAGE, M.E.
This chart presents the plan view of a typical six-cylinder chassis of standard design
and all parts are clearly indicated that demand oil, also the frequency with which they
must be lubricated and the kind of oil to use. A practical chart for all interested in
motor-car maintenance. Size 24x38 inches. Price 35 cents

6 .
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LOCATION OF IGNITION SYSTEM TROUBLES MADE EASY. Compiled
by VK-TOU W. P.MIU, M.K.

In Miis diagram all parts of a, typical double ignition system using battery and magneto
current aro shown, and su^rsMons are tfivon for readily finding ignition troubles and
olinunalmK Uiviu when found, Si/.e, iMx. JH inches, Price . . . . . 35 cents

LOCATION OF STARTING AND LIGHTING SYSTEM FAULTS. Compiled
by V urn HI VV. PACJK, M.K
The nio-il. complete chart yet. devised, showing all parts of the modern automobile
start in:--;, Ih .htini

1

; an&amp;lt;l ignition systems, giving instructions for systematic location of
;i!l faults in \viriuc,. lamps, motor or generator, switches and all other units. Invalu-
a.ble to motorists, chaulVeurs and repairmen. Size 24x38 inches. Price . 35 cents

MOTORCYCLE TROUBLES MADE EASY. Compiled by VICTOR W. PAG&,
M.M,

A chart whovving sectional view of a single-cylinder gasoline engine. This chart;

.simplifies location of all power-plant, troubles. A single-cylinder motor is shown for
simplicity. It. outlines distinctly all parts liable to give trouble and also details the
derangements apt. to interfere \vith smooth engine operation. This chart will prove
of value to all who have to do with the operation, repair or sale of motorcycles. No
details omitted, SSo 30x20 inches. Price 35 cents

AVIATION

TWO NEW AVIATION BOOKS

Just off the press* Give complete information on every phase of

aeronautics. Learn to Fly by flying, but prepare yourself in the

ground work by Home Study, for experience in the air. Valuable
books for reference. They will start you right.

MODERN AIRCRAFT^ DESIGN-CONSTRUCTION-OPERATION AND RE
PAIR. By MAJOR Vunxm PAXJIO,

\ hook for all students of Aircraft. .Just oil the press. This book of $55 pages is tlio

most complete work over issued on Aviation. It is written in simple language for

tlu- I radira.l Man. it shows just how any airplane flies and is controlled, outlines

and describes all important purls of the piano and just what they do and how they arc

used ( overs the commercial possibilities of aircraft types, outlines their spheres
of usefulness and considers the cost of Hying. The equipment of airports, airways
and landing Melds is touched upon and. a complete and easily understood, explanation
uf all branches of aerodynamics aw well as a complete glossary of terms used in aero

naut. ies are included. This booklet includes a. description of the Eyan NYP mono-

Adopted as an Instruction Book in fifty aviation schools and colleges. S55 pages.

Over -lOO engravings* Price 3&amp;gt;5.OO

WHAT IS SAID OF THIS BOOK
&quot;Your new book, MwUrn Aircraft is a worn! or. Very complete and up-to-tlie-minute.

Hittlilv interesting and a valuable contribution to the Held of aviation. I feel that

tho author and publisher both have done, fully 100 per cent, justice to this splendid

book which really should be in the hands of every person interested in the progress ol

M,,,,,,,, A.mmn..- (Hte
105 1 LawJ^Tvo^ ChiSS. . 111.
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EVERYBODY S AVIATION GUIDE. By VICTOR W.
A Popular Book at a Popular Price. This book, written in the form of a series of
lessons or instructions, starts the reader at the beginning of the subject, outlines the
elementary aerodynamical rules for the various forms of flying machines, describes
typical conventional and unconventional forms of heavier-than-air and lighter-than-air
craft, the functions of the various parts of an airplane, and covers briefly the various
types of airplane power plants in both air and water-cooled forms. It outlines fully
all types of land and sea flying machines, their control systems and the methods of
flying. These are all fully illustrated.

While piloting an airplane can be learned only by actual practice, this book will give
the reader the various steps in airplane control and will serve as a very valuable intro
duction to the entire subject of flying for the non-technical person who wishes to be
able to fly an airplane just as he now operates an automobile for business or pleasure.
247 pages, 140 illustrations, 600 questions and answers on aviation. Price. $2.00

AVIATION BOOKS AT SPECIAL PRICES

As very large editions of books below were printed when published,
and in order to reduce our stock we are offering these books at reduced
prices.

Although these books were published a few years ago, they contain
much information of value at the present time, and in order that those
interested in aviation may avail themselves of these volumes we are
now offering them at reduced prices to clear out the editions.

The principles of operation described in these books apply Just as well
to the latest types of airplanes and airships and their engines which
have changed only in minor details from the forms illustratedf and
they are just as valuable to the reader today. The beginner or student
will get much information at low cost from the following books.

A B C OF AVIATION. By MAJOR VICTOR W. PAG&.
This book describes the basic principles of aviation, tells how a balloon or dirigible
is made and why it floats in the air. Describes how an airplane flies. It shows in
detail the different parts of an airplane, what they are and what they do. Describes
all types of airplanes and how they differ in construction; as well as detailing the
advantages and disadvantages of different types of aircraft. It includes a complete
dictionary of aviation terms and clear drawings of leading airplanes. The reader
will find simple instructions for unpacking, setting up, and rigging airplanes. A
full description of airplane control principles is given and methods of flying are dis
cussed at length.
This book answers every question one can ask about modern aircraft, their con
struction and operation. A self-educator on aviation without an equal. 274 pages-
130 specially made illustrations with 7 plates/ Price ....... $1.25

AVIATION ENGINES DESIGN; CONSTRUCTION; REPAIR. By MAJOR
VICTOR W. PAGES, A.S., S.C.U.S.R.
This treatise, written by a recognized authority on all of the practical aspects of
internal combustion engine construction, maintenance, and repair, nils the need as
no other book does. The matter is logically arranged; all descriptive matter is

simply expressed and copiously illustrated, so that anyone can understand airplane
engine operation and repair even if without previous mechanical training. This
work is invaluable for anyone desiring to become an aviator or aviation mechanic.
Rotary types, such as the Gnome Monosoupape, and LeRhone, are fully explained, as
well as the Vee and radial types. The subjects of carburetion, ignition, cooling, and
lubrication also are covered in a thorough manner. The chapters on repair and
maintenance are distinctive and found in no other book on this subject. Not a
technical book, but a practical, easily understood work of reference for all interested
in aeronautical science. 5S9 pages. 253 illustrations. Price.net . . . $1.35
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&amp;gt;PLIED AERODYNAMICS. By G. P. THOMPSON.
This is a scientific and mathematical tron^c- -&quot;hat has a special appeal to the student
and engineer who are seeking exact inCo THi . ion. on the aerodynamics of heavier-than-
air craft and data on airplane design -os 1

. !:::. In addition to a very full discussion
of the qualities which determine tru 1 i; &amp;lt;(&amp;lt;: ;,i:id rate of climb of an aeroplane and
the method by which they can be ci . .c.iliiii-d, special attention is paid to stability

a problem now fairly well understood, and to controllability our knowledge of
which is at present in a much more elementary state. Attention is directed to the
numerous directions in which further information is required, especially in the form of
full-scale experiments. 312 pages (7 x .10). llhisiraic d with over 142 Diagrams
and Graphic Charts. Price $5.0O

.OSSARY OF AVIATION TERMS ENGLISH-FRENCH; FRENCH-
ENGLISH. By MAJOR VICTOR W. PAGE, A.S., S.C.U.S.R., and LIEUT.
PAUL MONTARIOL, of the French Flying Corps.
A complete glossary of practically all terms used in aviation, having lists in both
French and English with equivalents in either language. Price, . . 50 cents

BOAT BUILDING

INIATURE BOAT BUILDING. By ALBERT C. LEITCH.

Covering the construction of working models of racing sail and power boats by ama
teurs. A concise and complete treatise written in understandable language covering
marine model making in general and the specific design and construction of numerous
famous miniature racing sail and power boats. The boats illustrated and described
have been developed from, an engineering point of-view rather than from a toy angle.
In this book the authors have illustrated and described step by step, the best model
making practice, from the selection of the raw material to the completed boats. Com
plete designs for steam power plants, including tubular boilers and blow torch for
firing them. One, two and four cylinder engines are also fully described. 500 spe
cially prepared engravings. 242 pages. Price $8.0O

BRAZING AND SOLDERING

LAZING AND SOLDERING. By JAMES F. HOBART.
The only book that shows you just how to handle any job of brazing or soldering that
comes along ; it tells you what mixture to use, how to make a furnace if you need one.
Full of valuable kinks. The fifth edition of this book has just been published, and to
it much new matter and a large number of tested formula? for all kinds of solders and
fluxes have been added. Illustrated 35 cents

&amp;gt;LDERING AND BRAZING. By RAYMOND FRANCIS YATES.
This treatise gives all the necessary &quot;kinks&quot; that will enable one to accomplish suc
cessful soldering. If a mechanic has not succeeded in his soldering, this book may
tell him just what he needs to produce good work something that he may hereto
fore have forgotten. Price 75 cents

CHARTS

)ILER ROOM CHART. By GEO. L. FOWLER.
A chartr size 14x28 inches showing in isometric perspective the mechanisms be
longing in a modern boiler room. The various parts are shown broken or removed,
so that the internal construction is fully illustrated. Each part is given a reference
number, and these, with the corresponding name, are given in a glossary printed at
tlie sides 35 cents
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OONDOLA CAR CHART.
A chart showing the anatomy of a gondola car, having every part of the car numbered
and its proper reference name given in a reference list 35 cents

PASSENGER CAR CHART.
A chart showing the anatomy of a passenger-car, having every part; of the car numbered
and its proper name given in a reference list oo cents

STEEL HOPPER BOTTOM COAL CAR.
A chart showing the anatomy of a steel Hopper Bottom Coal Oar, having every part
of the car numbered and its proper name given in a reference list 35 cents

TRACTIVE POWER CHART.
A chart whereby you can find the tractive power or drawbar pull of any locomotive
without making a figure. Shows what cylinders are equal, how driving wheels and
steam pressure affect the power. What sized engine you need to exert a given drawbar
pull or anything you desire in this line 50 cents

HORSE-POWER CHART
Shows the horse-power of any stationary engine without calculation. No matter what
the cylinder diameter of stroke, the steam pressure of cut-off, the revolutions, or
whether condensing or non-condensing, it s all there. Easy to use, accurate, and
saves time and calculations. Especially useful to engineers and designers. 50 cents

SUBMARINE CHART.
A cross-section view, showing clearly and distinctly all the interior of a Submarine of
the latest type. You get more information from this chart, about the construction and
operation of a Submarine, than in any other way. No details omitted everything
is accurate and to scale. All the machinery and devices fitted in a Submarine Boat
are shown. , 35 cents

CHEMISTRY

BOW TO MAKE AND USE A SMALL CHEMICAL LABORATORY. By
RAYMOND FEANCIS YATES.
The treatise covers all of the essentials of elementary chemistry. The law of definite
proportions, solutions, crystalloids, colloids, electrolysis, etc., are explained. The
second part of the book is devoted to chemical and electro-chemical experiments.
Only those experiments that will tend to broaden the reader s knowledge of chemistry
in general have been chosen. Price 75 cents

CLOCK AND WATCHMAKING

CLOCKMAKING: PAST AND PRESENT. By C. F. C. GORDON.
With which is incorporated the more important portion of &quot;Clocks, Watches, and
Bells,&quot; by the late Lord Grimthorpe, relating to Turret Clocks and Gravity Escape
ments. By G. F. C. Gordon, M.A., A.M.I.G.E., Superintendent of Workshops c:?

the Engineering Department of Cambridge University. A practical book of special
interest to the Clockmaker, Repairer, Dealer and Collector, in which the author
endeavors to cover topics which either have not been covered before, or which from
his own experience require more attention than they have hitherto received. 240
pages. Fully illustrated by Diagrams and plates of Long Case, Bracket and other
Clocks, Dials, Hands, etc. Price $5.00

CLOCK REPAIRING AND MAKING. By F. J. GARRARD.
Practical Watchmaker. Author of &quot;Watch Repairing, Cleaning and Adjusting.&quot;A practical handbook dealing with Tools, Materials, and Methods used in cleaning
and repairing all kinds of English and Foreign Timepieces, Striking and Chimney
Clocks, and the making of English Clocks. 168 pages. Fourth edition. Illustrated
by 120 engravings. Price $3.00
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ELECTRICAL HOROLOGY. Ky 11. R. LANOMAN and A. BALL.
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WATCH REPAIRING AND MAKING. By F. J. GAEEAKD.

&amp;lt; ov&amp;lt;!^ . r
U( h&amp;lt;

-

r
-

of ^?teh
,

j^Wng , Cleaning and Adjusting.&quot;

ii^d s uv hi, ^1 H
Ko

l &amp;gt;J &quot; pl K &amp;lt;&amp;gt; VVatches. Treats on the materials and tools

RooVxerN Th, .L rih *T ,ii

MM iW JlIH^l
l11 kimlB of J5ll^lish &amp;lt;! Foreign Watches,

1 s r ni h! v
f
? nn

Ma,nne Clironometera. a.14 pages. Seventh edition.iiiUM.uiiiou by over liOO engravingw. Price
&quot;

$3.0O

CONCRETE
CONCRETE WORKERS 7 REFERENCE BOOKS. A SERIES OP POPULARHANDBOOKS FOR CONCRETE USERS. ^^1^1. A.

.

The twthor, in iwnttrina this Mries, has not only treated on the usual types of constructionhut &amp;lt; ./IHS and illustrates
7wjW* and si/steins that are not patented, but which are equalin r w undttttM sttprrwr to ttmc restricted by patents. These molds are very easily and

cHranlvctmftruclrt
and embody ximpliciti/. rapidity of operation, and the most

CONCRETE WALL FORMS. By A, A. HOUGHTON.
A now automatic wall damp !H illustrated with working drawings. Other types of
wall fomiN, damps, HoparatorN, etc., are also illustrated and explained.
(No. 1 ol Merles) .................. \ . 75 cents.

CONCRETE FLOORS AND SIDEWALKS. By A, A. HOUGHTON.
Tim moldM for molding H(manw, h&amp;lt;aKOal and many other styles of mosaic floor and
sid&amp;lt;&amp;lt;\va,Ilv blocks are fully mustratod and explained. (No. 2 of Series) . . 75 cents

PRACTICAL CONCRETE SILO CONSTRUCTION. By A. A. HOTJGHTON.
&amp;lt;

?oiiiplil.&amp;lt; working drawJnRH and .spedflcatlonK are given for several styles of concrete
silos, with illustrations of moldH for monolithic and block silos. The tables, data, and
information presented in Ihls book arts of the utmowt value in planning and constructing
all forms of concrete nllos. (No. 3 of Series) . . . . &quot;, . . . . , 75 cents

MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By A. A.
JJOWHITON.
The manufacture of all typos of concrete slate and roof tile is fully treated. Valuable
data on all fonim of reinforced concrete roofs are contained within its pages. The
(&quot;OiiMtmction of concrete:diimn&amp;lt;

kys by block and monolithic systems is fully illustrated
and described. A number of ornamental designs of chimney construction with molds.
aro Kliown in this valuabkt tn^atise. (No. 4 of Series.) ....... 75 cents

MOLDING AND CURING ORNAMENTAL CONCRETE. By A. A. HOUGHTON.
Tho proper proportions of cement and aggregates for various finishes, also the method
of thoroughly mixing and placing in the molds, are fully treated. An exhaustive
tniatlHo on thin mibjeet that every concrete worker will find of daily use and value
(No. fiof Horlos.) ............... . . . . 75 centa

II
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CONCRETE MONUMENTS, MAUSOLEUMS AND BURIAL VAULTS. By
A. A. HOUGHTON.
The molding of concrete monuments to imitate the most expensive cut stone is ex-

plained In this treatise, with working drawings of easily built molds. Cutting in

scriptions and designs are also fully treated. (No. 6 of Series.) . . . 75 cents

MOLDING CONCRETE BATHTUBS, AQUARIUMS AND NATATORIUMS.
By A. A. HOUGHTON.
Simple molds and instruction are given for molding many styles of .concrete bj^jbs.
swimming-pools, etc. These molds are easily built and permit rapid and successful

work. (No. 7 of Series.) ................. 75 cents

CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A. HOUGHTON.

A number of ornamental concrete bridges with illustrations of molds are given. A
collapsible center or core for bridges, culverts and sewers is fully illustratedLwith de

tailed instructions for building. (No. 8 of Series.) ........ 75 cents

CONSTRUCTING CONCRETE PORCHES. By A. A. HOUGHTON.
A number of designs with working drawings of molds are fully explained so anyone
can easily construct different styles of ornamental concrete porches without the pur
chase of expensive molds. (No. 9 of Series.) .......... 75 cents

MOLDING CONCRETE FOUNTAINS AND LAWTT ORNAMENTS. By A.

A. HOUGHTON.
The molding of a number of designs of lawn seats, curbing, hitching posts, pergolas, sun

dials and other forms of ornamental concrete for the ornamentation of lawns and gar

dens, is fully illustrated and described. (No. 11 of Series) ...... 75 cents

CONCRETE FOR THE FARM AND IN THE SHOP. BY H. COLIN

CAMPBELL, C.E., E.M.
A new book illustrating and describing in plain, simple language many of the

numerous applications of concrete within.the range of the home worker. Among the

subjects treated are:
&quot;

Principles of reinforcing; methods of protecting concrete so as to insure proper harden

ing; home-made mixers; mixing by hand and machine; form construction, described
and illustrated by drawings and photographs; construction of concrete walls and
fences; concrete fence posts; concrete gate posts; corner posts; clothes line posts;

grape arbor posts; tanks; troughs; cisterns; hog wallows; feeding floors and barn

yard pavements; foundations; well curbs and platforms; indoor floors ; sidewalks ; steps;
concrete hotbeds and cold frames ; concrete slab roofs ; walls for buildings ; repairing
leaks in tanks and cisterns, etc., etc. A number of convenient and practical tables
for estimating quantities, and some practical examples, are also given. (5 x 7).

149 pages, 51 illustrations. Price .......... $1.00

CONCRETE FROM SAND MOLDS. By A, A. HOUGHTON.
A Practical Work treating on a process which has heretofore been held as a trade secret

by the few who possessed it, and which will successfully mold every and any class of

ornamental concrete work. The process of molding concrete with sand molds is of
the utmost practical value, possessing the manifold advantages of a low cost of molds,
the ease and rapidity of operation, perfect details to all ornamental designs, density
and increased strength of the concrete, perfect curing of the work without attention
and the easy removal of the molds regardless of any undercutting the design may have.
192 pages. Fully illustrated. Price .............. $.00

ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. HOUGHTON.
The process for making ornamental concrete without molds has long been held as a
secret, and now, for the first time, this process is given to the public. The book
reveals the secret and is the only book published which explains a simple, practical
method whereby the concrete worker is enabled, by employing wood and metal tem
plates of different designs, to mold or model in concrete any Cornice, Archlvolt,
Column, Pedestal, Base Cap, Urn or Pier in a monolithic form right upon the job.
These may be molded in units or blocks, and then built up to suit the specifications
demanded. This work is fully illustrated, with detailed engravings. Price . $3.00
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POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By
MYRON H. LEWIS.
The author has brought together in this work all the salient matter of interest to
the user of concrete and its many diversified products. The matter is presented in

logical and systematic order, clearly written, fully illustrated and free from involved
mathematics. Everything of value to the concrete user is given, including kinds of
cement employed in construction, concrete architecture, inspection and testing, water
proofing, coloring and painting, rules, tables, working and cost data. The book com
prises thirty-three chapters 430 pages, 126 illustrations. Price .... $3.00

DICTIONARIES

STANDARD ELECTRICAL DICTIONARY. By T. O CoNOR SLOANB.
An indispensable work to all interested in electrical science. Suitable alike for the
student and professional. A practical handbook of reference containing definitions of

about 5000 distinct words, terms and phrases. The definitions are terse and concise

and include every term used in electrical science. Recently issued. An entirely new
edition Should be in the possession of all who desire to keep abreast with the progress
of this branch of science. Complete, concise and convenient. 790 pages. 497 illus

trations. New Revised and Enlarged Edition. Price ...... $5.00

DIESEL ENGINE

DIESEL ENGINES: THEIR APPLICATION AND OPERATON MARINE
LOCOMOTIVE STATIONARY. By DAVID L. JONES.

This is the latest book on the subject of Diesel Engines written purely from a practical

standpoint, in simple language, to enable the operator and the student to grasp the

principles of this type of machine and to bring out the advantages of this form of prune
mover in its various fields of operation. . .

It should be found upon the desk of every power station operating engineer and every
student of mechanical engineering, as it contains data that is invaluable, and is the

only American book containing an illustrated chapter on the application of the Diesel

Engine to Railway Service. The importance of the Diesel Engine cannot be over

estimated and the progressive engineer will find it his duty to extend his knowledge into

the Diesel Engine field. Among the chapters are: The Diesel Engine Elementary

Thermod^^^ Principles Comparative Efficiencies Details of Con
structionSpray Valves Fuel Pumps, Governors, .Fuel Systems Valve Gears-
Starting and Reversing Gears Lubricating and Circulating Water Systems Indica

tor CaTds and Engine Testing Operation of Diesel Engines Representative Types of

K^-Be
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n^^&̂ ^3^^^^
i jnngiuu J- Ayw* ^ij.e.i^.w /-x.i_ T\/T;, r&amp;gt;,-,i rtCT *%-. xro.ooalc. TT./vrk&ll arl

ShiDS Properties of Lubricating and Fuel Oils MarineRules for Vessels

by Diesel Oil Engines. 565 pages. 341 illustrations. Price. .... $5.00

.

. DIES METAL WORK ;. ....

DIES- THEIR CONSTRUCTION AND USE FOR THE MODERN WORKING
OF SHEET METALS. By J. V. WOODWOETH.

A most useful book, and one which should be ^^S^^^^S^T^m^^
Press for the cheap and rapid production of the great variety Jf-^^f^^8 ^
WvwTini WJP It is designed as a guide to the production of sheet-metal parts at the

- SSJfhctoes an&amp;lt;fstoeet^SwaSnSde^sjSe descriptions of which are so clear and

;
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DRY CLEANING

PRACTICAL DRY CLEANER, SCOURER AND GARMENT DYER. By
WILLIAM T. BRANNT.
The sixth corrected edition of this work us just off the press. It is the most compre
hensive and complete reference and text book for cleaners and dyers published and
treats fully on cleaning plant design and construction; purification of benzine dry
cleaning ; spot and stain removal ; wet cleaning, including the cleaning of Palm Beach
suits and other summer fabrics; finishing cleaned fabrics; cleaning and dyeing furs,
skins, rugs and mats; cleaning and dyeing feathers; cleaning, dyeing and blocking
straw, felt and Panama hats; cleaning and dyeing rugs and carpets; bleaching and
stripping garments ; bleaching and dyeing straw and straw; hats ; cleaning and dyeing
gloves; garment dyeing; analysis of textile fabrics; practical chemistry for the dry
cleaner and garment dyer. 578 pages, 41 illustrations. Price .... $3.00

DRAWING SKETCHING PAPER
LINEAR PERSPECTIVE SELF-TAUGHT. By HERMAN T. C. KRAUS.

This work gives the theory and practice of linear perspective, as used in architectural,
engineering and mechanical drawings. Persons taking up the study of the subject
by themselves will be able, by the use of the instruction given, to readily grasp the
subject, and by reasonable practice become good perspective draftsmen. The arrangement of the book is good; the plate is on the left-hand, while the descriptive text
follows on the opposite page, so as to be readily referred to. The drawings are on

. rth many times over the price ofme book. 2d Revised and enlarged Edition...... . ..... $3.00
PRACTICAL PERSPECTIVE. By RICHARDS and COLVIN.

Shows just how to make all kinds of mechanical drawings in the only practical per
spective isometric. .Makes everything plain so that any mechanic can understanda sketch or drawing in this way. Saves time in the drawing room, and mistakes in the
saops. Contains practical examples of various classes of work. 5th Edition. $1.00

SELF-TAUGHT MECHANICAL DRAWING AND ELEMENTARY MACHINE
DESIGN. By F. L. SYLVESTER, M.E., Draftsman, with additions by ERIK
OBERG, associate editor of

&quot;Machinery.&quot;
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1 treatise on Mechanical Drawing and Machine Design, comprisingthe first principles of geometric and mechanical drawing, workshop mathematicsnt T nate and the calculations and design of machine detailst0 adapi this treatise to the requirements of the practical- H e praccc and young draftsman and to present the matter in as clear and concise a

planner as possible. To meet the demands of this class of students, practically all the*8 f TaclTe d
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A NEW SKETCHING PAPER.
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ELECTRICITY

AKITHMKTIC OF ELECTRICITY. By Prof. T. O CoNOE SLOANE.
A practical (real ise on electrical calculations of all kinds reduced to a series of rules, all
of the simpIrM forms, and involving only ordinary arithmetic; each rule illustrated
b,v one or more practical problems, with detailed solution of each ono. This book is

clawed a mow: ! :
&quot; ! i: :&amp;lt;-&quot;i:l works published on the science of electricity, covering

a-; it dm-, the :\..: . in-::i.-ii ii- ui electricity lu a manner that will attract the attention
of those who ;; :;.&amp;gt;; r.i::.i!i.;i- with algebraical formulas. 22nd. Edition. 196 pa&os.
I rtoc $1.50

COMMUTATOR CONSTRUCTION. By WM. BAXTER, JR.

The business nd of any dyiuuno or motor of the direct current type is tho commutator.
This book fioes Into tite designing, building, and maintenance of commutators, shows
how to locate troubles ami how to remedy them; everyone who fusses with dynamos
weds this, Mh ICdition 35 cents

BUILDING FOR AMATEURS, OR HOW TO CONSTRUCT A
FIFTY-WATT DYNAMO. By Aimnm J. WEED, Member of N. Y. Electrical

Society.

\ practical treatise showing in detail the construction of a small dynamo or motor, tho
entire machine work of which can be done on a small foot lathe. Dimensioned working
drawing:-! are riven for each piece of machine work, and each operation is clearly
described, This machine. when used as a dynamo, lias an output of fifty watts: when
uncd a:* a motor ii will drive a, small drill press or lathe. It &quot;can be used to drive a
Mowing machine on any and all ordinary work. The book is illustrated with more
than Nixt.v original en^ra.vinKs sltowliiK the ac^tual construction of tho different, parts.
Amontf the contents nw eiiai)t&amp;lt;Ts on: 1. Fifty-WaM, Dynamo. 2. Side Jlearing
ItodH, is, Field I uuclittw. I. 1 tearing- r

&amp;gt;- &amp;lt; 0irinuitator. (&amp;gt;. Pulley. 7. Brush
ilol&amp;lt;ler:, s, ( ounei tion liojird. ,). Armature Shafts 10. Armature. 11. Armature
Winding, iv;. Fi&amp;lt; l&amp;lt;l Winding. i:t. (V&amp;gt;uiM Ctiiis and Starting. Price, cloth, $1.00

ELECTRIC BELLS. By M. B. SLKKPEH.

A complete trcatJw* for the practical worker In installing, operating, and testing
hell ch cmtis buri liir ;d:inuH tluTtuoKtatH, and other- apparatus used with electric

bollH Both i In- &amp;lt; l&amp;lt;-c(ricia.n and the experimenter will find in this book new material
which IN esMemial In their work. Pools, bells, batteries, unusual circuits, burglar
;d;inu-:. aiinttnclaliirs.HyNt.otnM, thermostats, circuit breakers, time alarms, and other

apparn i u- it &amp;lt;&amp;lt;! m boll* circuits ;ro &amp;lt;lescrib&amp;lt;nl from tlie standpoints of their applica-
lion. iMf.tnicinni. a.nd repair. Tho detailed instructnms for building tho apparatus
will appeal to &amp;lt;h^ experimenter particularly. The, practical worker will iflhd tlio

chj,u&amp;gt;terM on Wiring Calculation of Wiro Siy.cs and Magnet Windings, Upkeep of

HvMtemN and thn ho&amp;lt; a.(.ion of Faults of the greatest value in their work. 124 pages.

Fully UiusMMted, Price , , , . .......... 75 cents

HOUSE WIRING. By TUOMAB W. POPPE.

TUN work &amp;lt;lescribew and UliHtritttw t-lw actual insiiallation of Electric Light Wiring,
thi^manner In which tho work should ho done, and the method of doing it. Tho book
can In- coim-nientlv carried 111 tho pocket. It is ini.cnded for t.he Electrician, Helps,
UK! \pprcntiee it solves all Wiring Problems and contains nothing that conflicts

wii \\ \ hf ruling; oi t h % Nat ional Hoard of Fire Underwriters. It gives just the informa

tion rssrniial to the Sm-rt^sful Wiring of a Hullding. Among the subj&amp;lt;-cts treated are.

tho etui parts oflamp Hxtures and the reason for the sumo described and Illustrated.

&quot;)H PUK&quot;N! rub Edition, revised and enlarged. 100 illustrations. Flexible cloth.

Trice .,.,.,... *i.oo
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CATALOGUE OF GOOD, PRACTICAL BOOKS

ELECTRICIANS HANDY BOOK. By Prof. T, O CoNOR SLOANE.

This work is intended for the practical electrician who has to make things go. Th
entire field of electricity is covered within its pages. Among some of the subjects treated

are: The Theory of the Electric Current and Circuit Electro-Chemistry, Primary
Batteries, Storage Batteries, Generation and Utilization of Electric Powers, Alter

nating Current \~ran-o Winding, Dynamos and Motors, Motor Generators,

Operation of the (Y:i -.; I Station Switchboards, Safety Appliances Distribution

of Electric T isrht nnd Pow -. Street Mains, Transformers. Arc and Incandescent
l.i-h-j-ir I-

1

.&quot;
! ?; Measurements, Photometry, Elocrric Kailways. Telephony, Bell-

\\irv-cr. K^rn-ii-- 1 bating, Electric Heating, Wireless Tolojrraphy. cic. It contains no
i:&amp;gt;-c K.s.s Throw: everything is to the point. It teaches you just what you want to
know about electricity, ft is the standard work published on the subject. Forty-
six chapters, 600 engravings. New 5th Edition, Revised and Enlarged. Price $4.00

^ELECTRIC TOY MAKING, DYNAMO BUILDING, AND ELECTRIC MOTOR
CONSTRUCTION. By Prof. T. O CoNOR SLOANE.
This work treats of the making at home of electrical toys, electrical apparatus, motors,
dynamos and instruments in general, and is designed to bring within the reach of

young and old the manufacture of genuine and useful electrical appliances. The work
is especially designed for amateurs and young folks.

Thousands of our young people are daily experimenting, and busily engaged m making1

electrical toys and apparatus of various lands. The present work is just what is want
ed to crive the Tiuch needed information in a plain, practical manner, with illustrations
to ::iaUi- i-&amp;lt;:--\ -iv rhr-vr-ir &amp;lt;&amp;gt;iii &amp;lt;&amp;gt;: I

: LC -\)&quot;k. 21st Edition. 254 pages, .118 illustrations.

Price j .&quot;... $1.5O

ELECTRIC WIRING,3DIAGRAMS AND SWITCHBOARDS. By NEWTON
HARRISON.
A thoroughly practical treatise covering the subject of Electric Wiring in all its branches,
including explanations and diagrams which are thoroughly explicit and greatly simplify
the subject. Practical, every-day problems in wiring are presented and the method
of obtaining intelligent results clearly shown. Only arithmetic is used. Ohm s law
is given a simple explanation with reference to wiring for direct and alternating

1

currents. The fundamental principle of drop of potential in circuits is shown with its
various applications. The simple circuit is developed with the position of mains,
feeders and branches; their treatment as a part of a wiring plan and their employ
ment in house wiring clearly illustrated. Some simple facts about testing are included
in connection with the wiring. Molding and conduit work are given careful considera
tion; and switchboards are systematically treated, built up aiid illustrated, showing
the purpose they serve, for connection with the circuits, and to shunt and compound
wound machines. The simple principles of switchboard construction, the develop
ment of the switchboard, the connections of the various instruments, including tne
lightning arrester, are also plainly set forth.
Altematfosr HTTent wirircr i^ treated, with explanations of the power factor, conditions

v. ( Gjr.prv!ic !&amp;gt;-iv&amp;lt;- vol..1 mo on wiring for i.ho wireman, foreman, contractor,
or electrician. 3rd edition, revised and enlarged. 315 pages; 137 illustrations.
Price $2.50

EXPERIMENTAL HIGH FREQUENCY APPARATUS HOW TO MAKE
AND USE IT. By THOMAS STANLEY CURTIS.
This book tells you how to build simple high frequency coils for experimental purpose
in the home, school laboratory, or on the small lortnro platform. The book is really
a supplement to the same aut: io&quot; s

&quot;

J 1 iir.i i l ?w\ i KMJOV \ puti rv; ;. : :.-.&quot; The experimental
side only is covered in this \oi:;rn&quot;r. ;vrj&amp;lt;-!i !.- i.-ucndc- .J i o!

1 :ho-e who want to build
small coils giving up to an c-^jiivrn-ijK-ii &amp;lt;[)!!%. T:;&amp;lt;- book contains valuable in
formation for the physics or i!i&amp;lt;; ninni;,:! c-aininir u-cvrhn 1

. .-in,) is on the lookout for
interesting projects for his boy&amp;gt; 10 build o:

1 xwirnom. \vi;!i. The apparatus is
simple, cheap and perfectly safe, ana wiij;, it sor:u; iruly siarilinir experiments may be
performed. Among the contains np^: Ludiiciion (&quot; oil () in fi;s Operated on Battery
Current. Kicking Con Apparatus. One-Half Kilowatt Transformer Outfit. Parts
and Materials, etc., etc. 69 pages. Illustrated. Price 50 cents
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CATALOGUE OF GOOD, PRACTICAL BOOKS

ELECTRICITY SIMPLIFIED. By Prof. T. O CoNOR SLOANE.

The object of &quot;Electricity Simplified&quot; is to make the subject as plain as possible and
to show what the modern conception of electricity is; to show how two plates of
different metal, immersed in acid, can send a message around the globe; to explain
how a bundle of copper wire rotated by a steam engine can be the agent in lighting
our streets, to tell what the volt, ohm and ampere are, and what high and low tension
mean; and to answer the questions that perpetually arise in the mind in this age of
electricity. 15th Revised Edition. 218 pages. Illustrated. Price . . $1.5O

EVERYBODY S ELECTRICAL HANDBOOK. By EDWARD J. VOLK, Practical
Electrician.

Anyone with tlio jrlrl of this book can do almost any of the small electrical jobs about
the home. K \ !;.

!

l:i Mir is written in plain language. It tells how to start, what to
use, and every move until this work is completed. In repairing electrical devices
it tells where to locate the trouble and how to repair it. You will find this book differ
ent from any other book you have ever read. Should be in every home. Second
edition. Pocket size. 135 pages. 78 Illustrations. Price $1.0O

HIGH FREQUENCY APPARATUS, ITS CONSTRUCTION AND PRACTICAL
APPLICATION. By THOMAS STANLEY CURTIS.

The most comprehensive and thorough work on this interesting subject ever produced.
The book is essentially practical in its treatment and it constitutes an accurate record
of the researches of its author over a period of several years, during which time dozens
of coils were built and experimented with. The work has been divided into six basic
parts. The first two chapters tell the uninitiated reader what the high frequency
current is, what it is used for, and how it is produced. The second section, comprising
four chapters, describes in detail the principles of the transformer, condenser, spark
gap, and oscillation transformer, and covers the main points in the design and con
struction of these devices as applied to the work in hand. The third section covers
the construction of small high frequency outfits designed for experimental work in the
home laboratory or in the classroom. The fourth section is devoted to electro-

therapeutic and X-Ray apparatus. The fifth describes apparatus for the cultivation
of plants and vegetables. The sixth section is devoted to a comprehensive discussion
of apparatus of large size for use upon the stage in spectacular productions. The
closing chapter, giving the current prices of the parts and materials required for the
construction of the apparatus described, is included with a view to expediting the
purchase of the necessary goods. The Second Edition includes much new matter
along the line of home-made therapeutic outfits for physicians use. The matter on
electro plant culture has also been elaborated upon. Second Revised and Enlarged
Edition. 266 pages. New second edition. Fully illustrated. Price . $3.0O

STANDARD ELECTRICAL DICTIONARY. By T. O CoNOR SLOANE.

An indispensable work to all interested in electrical science. Suitable alike for the
student and professional. A practical handbook of reference containing definitions
of about 5,000 distinct words, terms and phrases. The definitions are terse and
concise and include every term used in electrical science. Recently issued. An en
tirely new edition. Should be in the possession of all who desire to keep abreast with
the progress of this branch of science. In its arrangement and typography the book
is very convenient. The word or term defined is printed in black-faced type which
readily catches the eye, while the body of the page is in smaller but distinct type. The
definitions are well worded, and so as to be understood by the non- technical reader.
The general plan seems to be to give an exact, concise definition, and then amplify
and explain in a more popular way. Synonyms are also given, and references to other
words and phrases are made. A very complete and accurate index of fifty pages is

at the end of the volume; and as this index contains all synonyms, and as all phrases
are indexed in every reasonable combination of words, reference to the proper place
in the body of the book is readily made. It is difficult to decide how far a book of
this character is to keep the dictionary form, and to what extent it may assume the

encyclopedia form. For some purposes, concise, exactly worded definitions are needed ;

for other purposes, more extended descriptions are required. This book seeks to satisfy
both demands, and does it with considerable success. Complete, concise and con
venient. 790 pages. 497 illustrations. New Revised and Enlarged Edition. Price

$5.0O
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CATALOGUE OF GOOD, PRACTICAL BOOKS

HOW TO BECOME A SUCCESSFUL ELECTRICIAN. By Prof. T, O CoNOR
SLOANE.
Every young man who wishes to become a successful electrician should read this book.
It tells in simple language the surest and easiest way to become a successful electrician.
The studies to be followed, methods of work, field of operation and the requirement,
of the successful electrician are pointed out and fully explained. Every young en
gineer will find this an excellent stepping stone to more advanced works on electricity
which he must master before success can be attained. Many young men become dis

couraged at the very outstart by attempting to read and study books that are far

beyond their comprehension. This book serves as the connecting link between the
rudiments taught in the public schools and the real study of electricity. It is inter

esting from cover to cover. 19th Revised Edition, just issued. 205 pages. Illus

trated. Price $1.5O

STORAGE BATTERIES SIMPLIFIED. BY VICTOR W. PAGE, M.S.A.E.
A complete treatise on storage battery operating principles, repairs and applications.
The greatly increasing application of storage batteries in modern engineering and
mechanical work has &quot;v;iir i ;i &amp;lt;io:!ii::id for a book that will consider this subject
completely and exclusively. Vi\\&amp;lt; is ;,;; most thorough and authoritative treatise
ever published on tins subject. It is written in easily understandable, non-technical
language so T liar anyone may grasp the basic principles 9f storage battery action as
well as i heir practical industrial applications. All electric and gasoline automobiles
use storage batteries. Every automobile repairman, dealer or salesman should have a
good U now! i

iJ-.ro o- r-ijiisr.onance and .&quot;i.-pjii- of these important elements of the motor
car M . ohHni-T.i. Tl is hook not on.!y ;-:!is !io\v to charge, care for and rebuild storage
batK-vics I)-!!. iil&amp;lt;o o;ii!i!h 1- all the iMdussrlal uses. Learn how they run street cars,
locomotives and factory trucks. Get an understanding of the important functions they
perform in submarine boats, isolated linrhitintr nJ.int?, railway switch and signal systems,
marine applications, etc. This nook :olls i ou-

i.-:&amp;lt;-y are used in central station standby
service*. ! (): .-;n-r-;:n;.r automobile motors and in ignition systems. Every practical use
of r

:

:c MJOiJr?&quot;! rv.ora jrt; battery is outlined in this treatise. 258 pages. Fully ilius-
U aietl. Price &quot;$2.00

WIRING A HOUSE. By HEEBERT PRATT.
Shows a house already built; tells how t9 start about wiring it; where to begin; what
wire to use; how to run it according to insurance rules; in fact, just the information
you need. Directions apply equally to a shop. We have just issued an enlarged
edition of this popular work, which has been brought up to date. The same treat
ment of the subject which is distinguished by simplicity, combined with a correct
presentation of the subject, from the standpoint of compliance with the Underwriter s
Code, and which characterized the earlier editions of the book is adhered to. The

of electroliers and fittings, location of lamps and base sockets with many practical
hints for the location of lamps and plug sockets to get the best results. Seventh edi
tion which has been entirely revised, and very much enlarged, Price , .50 cents

ELECTROPLATING

THE MODERN ELECTROPLATER. By KENNETH M. COGGESHALL.
This is one of the most complete and practical books on electroplating and allied
processes that has been published as a text for the student or professional plater.
It is written in simple language and explains all details of electroplating in a concise
yet complete manner. It starts at the beginning and gives an elementary outline
of electricity and chemistry as relates to plating, then considers shop layout and
equipment and gives all the necessary information to do reliable and profitable electro
plating in a modern commercial manner. Full instructions are given for the prepara
tion and finishing of the work and formulae and complete directions are included for
making all kinds of plating solutions, many of these having been trade secrets until
published in this instruction manual. Anyone interested in practical plating and
metal finishing will find this book a valuable guide and complete manual of the art.
Cloth. 142 illustrations. 276 pages. Price $3.00
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CATALOGUE OF GOOD, PRACTICAL BOOKS

KLKC/rHO-DlCPOSITION OF METALS. By DB. GEOUCJK LANUBEIN and
WlUJAM T. UltANNT.

The ninth corrected edition of this work contains everything anyone wants to know
about tho plat in-. and finishing of inct-als, and is pra.ciic.ally an encyclopedia of the
Industry. It is written in plain language with special refe.rence to the needs of the

practical plater and metal finisher, and gives hundreds of tested iormulas for solu

tions, inanv of which have heretofore been considered trade secrets. It is the master
treatise on&quot; electro-plating, galvanising, metal coloring, lacquering and electrotyping,
and covens everv detail of the present advanced state, of the art in its everyday appli
cations. The inlen-M. of most, readers will, doubtless center in. the mam division of theo nlrn-M. o mos, rr.iur.r .

.

-

Mm nr:iecii-al part, which presents the industry in all its aspects from the
inMiK omeiil. of eleeiro-plat-iiu; ostahlislnnenls to actual methods used in the deposition
of \ai-ious im-t-als It is here that, the plater llnds a treasury of practice that he may
(urn to direet, account in his hnsins. As a, work of reference it is unapproached by
unv similar work in our laiwiatfe. The formulas alone are worth many times the

cost, of llio hooK to anyone interested in plating and other metal finishing methods.

H&amp;lt;W pair s, JSf illustrations. rrk;e ........... *7.5O

FUEL

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By WM.
M. I5AHK.
rMilM hook It-m been prepared with special refonmco to the generation of heat^by the

(Vi nb s Im of thi V&amp;lt;mmum fiuaH ft)iind iii the United States, and deals particularly

wit h t he cmMltt.U to the economic and smokeless combustion of bituminous

^l:;^^ H

I

Wtana1Jc and
progressive.

The ar-

in. i\/i!i i.Vii of t ho noU is in a series of practical questions to which are appended

rffl^
Mli Klitlon. Nearly 350 pages, lully illustrated. Puce. . . . Jta.SU

GAS AND OIL ENGINES

THE GASOLINE ENGINE ON THE FARM: ITS OPERATION, REPAIR

work to ^\ M
*^:

M
\
v
?J!J

i

?
l

*;

(

l ;Vi luqns for the farm and suggestions for the home
h

mom, mutable
&amp;lt;;iKh}&amp;lt;)/

or
^/I

1

^*&quot; )^i!w *%%& ho^tcJ
1

avoid them. The care and

;4:rr^&amp;gt;^;5IS^^^^^^^^Ski^^vii Mn,^ivea.bl(^ M 1^^ 1

;^^,,;^
1 &quot;

Iviielu-n. garden, and barn with water,
made eoiilnvauecs lor &amp;lt; -it iin XVOIKJ,

-^
!

MJI
&quot;~

r, the bins or the feed trough
loading haiillnK mid uii oa&amp;lt; &amp;gt; ^ (

..kin &quot;ho engine milk the cows, churn,, wash,
;in , iMclud. d: also full &amp;lt;lim-iions fbi rn*i
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l
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l

c;^Jully &quot;nustrated with drawings of

sw.vp tjio house and clean the windows etc.
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v
nci
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working parts d outw Hho^ to utilize

kimlH of fawn work, All mo? fTj^jH8 *?Hfan aid to^ the result getter, invaluable

pow*r by reading tho paw f
iln^ ^tJi^^tement doalw and, in fact, all who

&^v^ or gas tra
?
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taw.530 pages. Nearly 180 engravings. Price
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CATALOGUE OF GOOD, PRACTICAL BOOKS

GASOLINE ENGINES : THEIR OPERATION, USE AND CARE. By A. HYATT
VERRILL.
The simplest, latest and most comprehensive popular work published on Gasoline
Engines, describing what the Gasoline Engine is; its construction and operation; how
to install it; how to select it; how to use it and how to remedy troubles encountered.
Intended for Owners, Operators and Users of Gasoline Motors of all kinds. This
work fully describes and illustrates the various types of Gasoline Engines used in
Motor Boats, Motor Vehicles and Stationary Work. The parts, accessories and
appliances are described, with chapters on ignition, fuel, lubrication, operation and
engine troubles. Special attention is given to the care, operation and repair of motors,
with useful hints and suggestions on emergency repairs and makeshifts. A complete
glossary of technical terms and an alphabetically arranged table of troubles and their
symptoms form most valuable and unique features of this manual. Nearly every
illustration in the book is original, having been made by the author. Every page is

full of interest and value. A book which you cannot afford to be without. 275 pages.

152 specially made engravings. Price $S.OO

GAS ENGINE CONSTRUCTION, OR HOW TO BUILD A HALF-HORSE
POWER GAS ENGINE. By PARSELL and WEED.
A practical treatise of 300 pages describing the theory and principles of the action of
Gas Engines of various types and the design and construction of a half-horse-power
Gas Engine, with illustrations of the work in actual progress, together with the dimen
sioned working drawings, giving clearly the sizes of the various details; for the student,
the scientific investigator, and the amateur mechanic. This book treats of the subject
more from the standpoint of practice than that of theory. The principles of operation
of Gas Engines are clearly and simply described, and then the actxial construction of a
half-horse-power engine is taken up, step by step, showing in detail the making of the
Gas Engine. 3d Edition. 300 pages. Price $3.00

HOW TO RUN AND INSTALL GASOLINE ENGINES. By G. VON CULIN.
Revised and enlarged edition just issued. The object of this little book is to furnish
a pocket instructor for the beginner, the busy man who uses an engine for pleasure or
profit, but who does not have the time or inclination for a technical book, but simply
to thoroughly understand how to properly operate, install and care for his own engine.
The index refers to each trouble, remedy, and subject alphabetically. Being a quick
reference to find the cause, remedy and prevention for troubles, and to become an
expert with his own engine. Pocket size. Paper binding. Price . .85 cents

GEARING AND CAMS

CHANGE GEAR DEVICES. By OSCAR E. PERKIGO.
A practical book for every designer, draftsman, and mechanic interested in the inven
tion and development of the devices for feed changes on the different machines requir
ing such mechanism. All the necessary information on this subject is taken up,
analyzed, classified, sifted, and concentrated for the use of busy men who have not the
time to go through the masses of irrelevant matter with which such a subject is usu
ally encumbered and select such information as will be useful to them.
It shows just what has been done, how ic has been done, when it was done, and who
did it. It saves time in hunting up patent records and re-inventing old ideas. 3rd
Edition. 101 pages $1.50

CAMS, LAYOUT AND DRAFTING. By Louis ROTJILLON.
A practical work on various forms of cams and their design including useful sugges
tions for laying out and drafting typical forms. Contents: 1. Laying Out Cams. 2.

Drafting Cam Curve. 3. Heart Shape Cam. 4. Positive Motion Cam. 5. Irregular
Motion Cam. 6. Toe and Lift Cam. 7. Double Contact Cam. 8. Cylindrical Cam.
9. Cam Belt Shifter. 10. Gas Engine Cams. 11. Cam for Mushroom Follower. 12.
Non-reversible Cams. 13. Reversible Cam. 14. Variable Motion. 15. Harmonic
Motion. 16. Motion Diagram. 17. Flat Reciprocating Cam. 18. Sleeve Cam. 19.
Face and Drum Cams. 20. Device for Cam Drafting. Revised and Enlarged Edition.
Paper cover. Price 75 cents
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CATALOGUE OF GOOD, PRACTICAL BOOKS

HYDRAULICS

HYDRAULIC ENGINEERING. By GARDNER D. Hiscox.
A treatise on the properties, power, and resources of water for all purposes Includingt&emeasurement of streams, the flow of water in pipes or conduits; the horse-powerot railing water, turbine and impact water-wheels, wave motors, centrifugal recioro-
cating and air-lift pumps. With 300 figures and diagrams and 3f, practical tabletAH who are interested in water-works development will find this book a useful one&quot;

because it is an entirely practical treatise upon a subject of present importance andcannot fail in having a far-reaching influence, and for this reason should have a place
^ % Objects treated are: Historical

s; Flow-
1

Various
.. y; Wells

rtesian Wells,

Pave Power, etc. 320 pages. Price .... ....... 7 $4.50

ICE AND REFRIGERATION

POCKETBOOK OF REFRIGERATION AND ICE MAKING. By A. J.

WALLIS-TAYLOB.

This is one of the latest and most comprehensive reference books published on the
subject of refrigeration and cold storage. It explains the properties and refrigerating
effect of the different fluids in use, the management of refrigerating machinery and the
construction and insulation of cold rooms with their required pipe surface for different
degrees of cold ; freezing mixtures and non-freezing brines, temperatures of cold rooms
for all kinds of provisions, cold storage charges for all classes of goods, ice making
and storage of ice, data and memoranda for constant reference by refrigerating engineers.
with nearly one hundred tables containing valuable references to every fact and con
dition required in the installment and operation of a refrigerating plant. New
edition just published. 216 pages. 44 illustrations. Price .... $2.00

INVENTIONS PATENTS

INVENTORS MANUAL, HOW&quot; TO MAKE A PATENT PAY.

This is a book designed as a guide to inventors in perfecting their inventions, taking
out their patents and disposing of them. It is not in any sense a Patent Solicitor s
Circular nor a Patent Broker s Advertisement. No advertisements of any description
appear in the work. It is a book containing a quarter of a century s experience of a
successful inventor, together with notes based upon the experience of many other
inventors.

Among the subjects treated in this work are: How to Invent. How to Secure a
Good Patent. Value of Good Invention. How to Exhibit an Invention. How to
Interest Capital. How to Estimate the Value of a Patent. Value of Design Patents.
Value of Foreign Patents. Value of Small Inventions. Advice on Selling Patents.
Advice on the Formation of Stock Companies. Advice on the Formation of Limited
Liability Companies. Advice on Disposing of Old Patents. Advice as to Patent
Attorneys. Advice as to Selling Agents. Forms of Assignments. License and Con
tracts. State Laws Concerning Patent Rights. 1920 Census of the United States by
Counts of Over 10,000 Population. Third revised edition. 138 pages. Illustrated.

Price $1.50
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KNOTS

KNOTS, SPLICES AND ROPE WORK. By A. HYATT VERRILL.
This is a practical book giving complete and simple directions for making all the most
useful and ornamental knots in common use, with chapters on Splicing, Pointing,
Seizing, Serving, etc. This book is fully illustrated with one hundred and fifty

original ensrarings, which show how each knot, tie or splice is formed, and its appear
ance when finished. The book will be found of the greatest value to Campers, Yachts
men, Travelers, Boy Scouts, in fact, to anyone having occasion to use or handle rope
or knots for any purpose. The book is thoroughly reliable and practical, and is not
only a guide, but a teacher. It is the standard work on the subject. Among the
contents are: 1. Cordage, Kinds of Rope. Construction of Rope, Parts of Rope
Cable and Bolt Rope. Strength of Rope, Weight of Rope. 2. Simple Knots and
Bends. Terms Used in Handling Rope. Seizing Rope. 3. Ties and Hitches. 4.

Noose, Loops and Mooring Knots. 5. Shortenings, Grommets and Salvages. 6.

Lashings, Seizings and Splices. 7 Fancy Knots and Rope Work. Third revised
edition. _ 104 pages. 154 original engravings. Price $1.00

LATHE WORK
LATHE DESIGN, CONSTRUCTION, AND OPERATION, WITH PRACTICAL
EXAMPLES OF LATHE WORK. By OSCAR E. PEREIGO.
A new revised edition, and the only complete American work on the subject, written
by a man who knows not only how work ought to be done, but who also knows how
to do it, and how to convey this knowledge to others. It is strictly up-to-date in its

descriptions and illustrations. Lathe history and the relations of the lathe to manu
facturing are given; also a description of the various devices for feeds and thread
cutting mechanisms from early efforts in this direction to the present time. Lathe
design is thoroughly discussed, including back gearing, driving cones, thread-cutting
gears, and all the essential elements of the modern lathe. The classification of lathes
is taken up, giving the essential differences of the several types of lathes including,
as is usually understood, engine lathes, bench lathes, speed lathes, forge lathes, gap
lathes, pulley lathes, forming lathes, multiple-spindle lathes, rapid-reduction lathes,
precision lathes, turret lathes, special lathes, electrically-driven lathes, etc. In addi
tion to the complete exposition on construction and design, much practical matter on
lathe installation, care and operation has been incorporated in the enlarged 1915 edi
tion. All kinds of lathe attachments for drilling, milling, etc., are described and
complete instructions are given to enable the novice machinist to grasp the art of lathe
operation as well as the principles involved in design. A number of difficult machining
operations are described at length and illustrated. The new edition has nearly 500
pages and 350 illustrations. Price $3.00

LATHE WORK FOR BEGINNERS. By RAYMOND FRANCIS YATES.
A simple, straightforward text-book for those desiring to learn the operation of a
wood- turn-In c: or motril-turning lathe. The first chapter tells how to choose a lathe *

and j-ll o! ; IK- sra nctanl types on the market are described. Simple and more advanced
lathe work is thoroughly covered and the operation of all lathe attachments such as
millers, grinders, polishers, etc., is described. The treatment starts from the verybottom and leads the reader through to a point where he will be able to handle the
larger commercial machines with very little instruction. The last chapter of the
book is devoted to tilings to make on the lathe and includes a model rapid-fire naval
gun. This is the only book published in this country that treats lathe work from
the standpoint of the amateur mechanic. 162 illustrations. About 250 pages.
Price $2.00

TURNING AND BORING TAPERS. By FRED H. COLVIN.
There are two ways to turn tapers; the right way and one other. This treatise has
to do with the right way; it tells you how to start the work properly, how to set the
lathe, what tools to use and how to use them, and forty and one other little things
that you should know. Fifth edition. Price 35 cents
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LIQUID AIR

LIQUID AIR AND THE LIQUEFACTION OF GASES. By T. O CoNOR SLOANE.
This book gives the history of the theory, discovery, and manufacture of Liquid Air,strated description of all the experiments that have excited the

i all over the country. It shows how liquid air lite
- - --
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scientiftc interest and authority, but is intended for the generalreader, being written m a popular styleeasily understood by everyone. Third

edition. Revised and Enlarged. 394 pages. New Edition. Price ... $3.00

LOCOMOTIVE ENGINEERING

AIR-BRAKE CATECHISM. By ROBERT H. BLACKALL.
This book is a standard text-book. It covers the Westinsftouse Air-Brake Equipment
including the No. 5 and the No. 6 E. T. Locomotive Brake Equipment; the K (Quid!
Service) Triple Valve for Freight Service; and the Cross-Compound Pump The
operation of all parts of the apparatus is explained in detail, and a practical way of
finding their peculiarities and defects, with a proper remedy, is given. It contains
2,000 questions with their answers, which will enable any railroad man to pass anv
examination on the subject of Air Brakes. Endorsed and used by air-brake instruc
tors and examiners on nearly every railroad in the United States. New edition. 710
pagos, fully illustrated with colored plates and diagrams. Price..... $4.00

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By WM.
M. BARE.
This book has been prepared with special reference to the generation of heat bv the
combustion of the common fuels found in the United States and deals particularly
with the conditions necessary to the economic and smokeless combustion of bituminous
coal in Stationary and Locomotive Steam Boilers.
Presentation of this important subject is systematic and progressive. The ar
rangement of the book is in a series of practical questions to which are appended
accurate answers, which describe in language free from technicalities the several
processes involved in the furnace combustion of American fuels; it clearly states the
essential requisites for perfect combustion, and points out the best methods of furnace
construction for obtaining the greatest quantity of heat from any &quot;given quality of
coal Nearly 350 pages, fully illustrated. Price . . . ... . . . . . $1.50

DIARY OF A ROUND-HOUSE FOREMAN. By T. S. REILLY.
This is the greatest book of railroad experiences ever published. Containing a fund of
information and suggestions along the line of handling men, organizing, etc., that on
cannot afford to miss. 158 pages. Price ......... ... $1.25

LOCOMOTIVE BOILER CONSTRUCTION. By FRANK A. KLEINHANS.
The construction of boilers in general is treated, and, following this, the locomotive
boiler is taken up in the order in which its various parts go through the shop. Shows
all types of boilers used; gives details of construction; practical facts, such as life of

riveting, punches and dies; work done per day, allowance for bending and flanging
sheets and other data. Including the recent Locomotive Boiler Inspection Laws
and Examination Questions with their answers for Government Inspectors. Contains

chapters on Laving Out Work; Flanging and Forging; Punching; Shearing; Plate

Planing; General Tables; Finishing Parts; Bending; Machinery Parts; Riveting;
Boiler Details; Smoke Box Details; Assembling and Calking; Boiler Shop

has anything to do with boiler work, either new or repair work,
who doesn t need this book. The manufacturer, superintendent, foreman, and boiler

worker all need it. No matter what the type of boiler, you ll find a mint of informa

tion that you wouldn t be without. 451 pages, 334 illustrations, five large folding

plates. Price .................. $3.50
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LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. By GEO. L.
FOWLEK. Revised by WM. W. WOOD, Air-Brake Instructor. Just issued.
Revised pocket edition.
It is out of the question to try and tell you about every subject that is covered in this
pocket edition of Locomotive Breakdowns. Just imagine all the common troubles
that an engineer may expect to happen some time, and then add all of the unexpected
ones, troubles that could occur, but that you have never thought about, and you will
find that they are all treated with the very best methods of repair. Walscnaert
Locomotive Valve Gear Troubles, Electric Headlight Troubles, as well as Questions
and Answers on the Air Brake are all included. 293 pages. Sth Revised Edition.
Fully illustrated $1.50

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING
By GEORGE BRADSHAW.
This book is a heart-to-heart talk with Railroad Employees, dealing with facts, not
theories, and showing the men in the ranks, from every-day experience, how accidents
occur and how they may be avpided. The book is illustrated with seventy original
photographs and drawings showing the safe and unsafe methods of work. No vision
ary schemes, no ideal pictures. Just plain facts and Practical Suggestions are given.
Every railroad employee who reads the book is a better and safer man to have in
railroad service. It gives just the information which will be the means of preventing
many injuries and deaths. All railroad employees should procure a copy; read it,
and do your part in preventing accidents. 169 pages. Pocket size. Fully illustrated
Price 50 cents

THE WALSCHAERT AND OTHER MODERN RADIAL VALVE GEARS FOR
LOCOMOTIVES. By WM. W. WOOD,
If you would thoroughly understand the Walschaert Valve Gear you should possess a
copy of this book, as the author takes the plainest form of a steam engine a stationary
engine in the rough, that will only turn its crank in one direction and from it builds
up with the reader s help a modern locomotive equipped with the Walschaert
Valve Gear, complete. The points discussed are clearly illustrated ; two large folding
plates that show the positions of the valves of both inside or outside admission type, as
well as the links and other parts of the gear when the crank is at nine different points
in its revolution, are especially valuable in making the movement clear. These employ
sliding cardboard models which are contained in a pocket in the cover.
The book is divided into five general divisions, as follows: 1. Analysis of the gear.
2. Designing and erecting the gear. 3. Advantages of the gear. 4. Questions and
answers relating to the Walschaert Valve Gear. 5. Setting valves with the Wal
schaert Valve Gear; the three primary types of locomotive valve motion; modern
radial valve gears other than the Walschaert; the Hobart All-free Valve and Valve
Gear, with questions and answers on breakdowns; the Baker-PiUiod Valve Gear- the
Improved Baker-PiUiod Valve Gear, with questions and answers on breakdowns.The questions with full answers given will be especially valuable to firemen and engi
neers in preparing for an examination for promotion. 245 pages. Fully illustrated.
Third Revised New Edition. Price .&amp;gt; . . ; . $3.50

WESTINGHOUSE E-T AIR-BRAKE INSTRUCTION POCKET BOOK. ByWM. W. WOOD, Air-Brake Instructor.
Here is a book for the railroad man, and the man who aims to be one. It is without
doubt the only complete work published on the Westinghouse E-T Locomotive Brake
Equipment. Written by an Air-Brake Instructor who knows just what is needed. It
covers the subject thoroughly. Everything about the New Westinghouse Engine and
Tender Brake Equipment, including the standard No. 5 and the Perfected No 6
style of brake, is treated in detail. Written in plain English and profusely illustrated
with. Colored Plates, which enable one to trace the flow of pressures throughout the
entire equipment. The best book ever published on the Air Brake. Equally good for
the beginner and the advanced engineer. Will pass anyone through any examination,
it informs and enlightens you on every point. Indispensable to every engineman and

Contains examination questions and answers on the E-T equipment. Covering what
SSJ&J Bra:k
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d be operated. What to do when defective Not a

question can be asked of the engineman up for promotion, on either the No. 5 or theNo. 6 E-T equipment, that is not asked and answered in the book. If you want to
thoroughly imderstand the E-T equipment get a copy of this book. It covers everydetail. Makes Air-Brake troubles and examinations easy. Second Revised and
Jti/nlarged Edition. Price $S.50
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LINK MOTIONS, VALVES AND VALVE SETTING. By FRED H. GOLVIN,

Associate Editor of American Machinist.

A handv book for the engineer or machinist that clears up the mysteries of valve

MACHINE-SHOP PRACTICE

ABRASIVES AND ABRASIVE WHEELS. By FEED B. JACOBS.

indispensable book for every machinist. J^rice . . . . y.w

COMPLETE PRACTICAL MACHINIST. By JOSHUA ROSE.

HOME MECHANIC S WORKSHOP COMPANION. By ANDREW
j^

c^^^
This treatise includes

1
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P^ &quot;:l
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T.j._ T..j Ar3 fnr merhanical experts or scientists, it will

MACHINE-SHOP TOOLS AND SHOP PRACTICE. By^^ ^^^j^-
SSbn!^f^^^S^^^S^^^^^

SHOP PRACTICE FOR HOME MECHANICS. By RAYMOND FRANCIS YATES.

A thoroughly practical and helpful^^^^^^^ff^S^SS ttWe-
had little or no experience m

f
shop work

of mSmS science. This is followed
mentary e^^J^ivS1 ~f SJSf tools and mechanical measuring instruments.

grinding operations,
nnmft lounarv worK, eno., ALKHXO U.J/ ^ A_ ^-^^nn ^-^^ ^^

book omits nothing ? a)eoef&^^
Octavo, 320 pages. 309 engravings. Price
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THE WHOLE FIELD OF MECHANICAL MOVEMENTS
COVERED BY MR. HISCOX S TWO BOOKS

We publish two books by Gardner D. Hiscox that will keep you from &quot;inventing&quot; things
that have been done before, and suggest ways of doing things that you hare nut ihoutjlit oj

before. Many a man spends ,*?&quot;*&amp;gt;?&amp;lt;! and ?*&amp;gt;/w?/. wondering over some nn ctuinical vrnblcin.

only to learn,* after he has .,/.: , /;. ,v .-/;&amp;gt; .v.-&quot;

!

. . :: the same thing has been accomplished
and put in practice by other,&amp;lt;

. .-:, / &amp;gt;; / ;. / .&quot;. .; end money spent in an effort to accom
plish what has already been //,r-,.&quot;;/...v:,V

;
. /&quot;/ &amp;lt;;- :/.. a*?, nnw f*O8T. The whole Jield

of mechanics, every known niMi\&quot;,i\:c&quot;. . ....&quot; r: .-: . &amp;lt;?.&quot;/ /J.-,T://Y;- I I/ cwr\l device -is covered

by these two books. If the :
!:in

,&amp;gt;

/ ,- .- /.&amp;gt; /, /.&amp;gt; &amp;gt;-: ;.,::: (/, /* -illustrated in them. If
it hasn t been invented, then you ll find in them the nearest things Lo what you want, some
movements or devices that will apply in your case, wrhans: or which will (five you a key
from which to work. No book or set of books ever :&amp;gt;-. )::*!:: is &quot;/

more real value to the

Inventor, Draftsman, or practical Mechanic than the ;; / i ,./-/.-\;.-.s- described below.

MECHANICAL MOVEMENTS, POWERS, AND DEVICES. By GARDNER D.
Hiscox.
TMs is a collection of 1,890 engravings of different mechanical motions and appliances,
accompanied by appropriate text, making it a book of great value to the inventor,
the draftsman, and to all readers with mechanical tastes. The book is divided into,

eighteen sections or chapters, in which the subject-matter is classified under the follow*

ing heads: Mechanical Powers; Transmission of Power; Measurement of Power
Steam Power; Air Power Appliances; Electric Power and Construction; Navigation
and Roads; Gearing; Motion and Devices; Controlling Motion; Horoiogical;
Mining; Mill and Factory Appliances; Construction and Devices; Drafting Devices;
Miscellaneous Devices, etc. 17th edition enlarged. 409 octavo pages. Price , $4.00

MECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AND NOVEL
TIES OF CONSTRUCTION. By GARDNEE D. Hiscox.

This is a supplementary volume to the 9ne iipon Mechanical Movements. Unlike the
first volume, which is more elementary in character, this volume contains illustrations
and descriptions of many combinations of motions and of mechanical devices and
appliances found in different lines of machinery, each device heim; shown by a lino
drawing with a description showing its working parts and tho method of operation.
From the multitude of devices described and illustrated might bo mentioned, in

passing, such items as conveyors and elevators, Prony brakes, thermometers, various
types of boilers, solar engines, oil-fuel burners, condensers, evaporators, Corliss and
other valve gears,, governors, gas engines, water motors of various descriptions, air-

ships, motors and dynamos, automobile and motor bicycles, railway lock signals,
car couplers, link and gear motions, ball bearings, breech block mechanism for heavy
guns, and a large accumulation of others of equal importance. 1 ,000 specially mado
engravings 412 octavo pages. 5th Edition enlarged. Price , t $-4.00

SHOP KINKS. By ROBERT GKIMSHAW.
A book of 417 pages and 261 illustrations, being entirely different from any other
book on machine-shop practice. Departing from conventional style, the author
avoids universal or common shop usage and limits his work to showing special ways
of doing things better, more cheaply and more rapidly than usual. As a result tno
advanced methods of representative establishments of the world are placed at the
disposal of the reader. This book shows the proprietor where large savings are possible,and how products may be improved. To the employee it holds out suggestions that,
properly applied, will hasten Ms advancement. No shop can afford to be without it.
It bristles with valuable wrinkles and helpful suggestions. It will benefit all from
apprentice to proprietor. 6th edition. Price $3.00

THREADS AND THREAD-CUTTING. By COLVIN and STABBL.
This clears up many of the mysteries of thread-cutting, such as double and triplo
threads, internal threads, catching threads, use of hobs, etc. Contains a lot of uswul
hints and several tables. 4th edition. Price 35 cents
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MACHINE-SHOP ARITHMETIC. By COLVIN-CHBNEY.
This is an arithmetic of the things you have to do with daily. It tells you plainly
about: how to find areas in figures; how to find surface or volume of balls or spheres;
handy ways for calculating; about compound gearing; cutting screw threads 011 any
lathe; drilling for taps; speeds of drills; taps, emery wheels, grindstones, milling
cutters, etc. ; all about the Metric system with conversion tables; properties of metals;

strength of bolts and nuts; decimal equivalent of an inch. All sorts of machine-shop
figuring and 1,001 other things, any one of which ought to be worth more than
the price of this book to you, and it saves you the trouble of bothering the boss. Sth
edition. 144 pages. Price 75 cents

MODEL MAKING

MODEL MAKING Including Workshop Practice, Design and Construction of

Models. Edited by RAYMOND F. YATES. Editor of
u
Everyday Engineering

Magazine/
7

This book will help you to become a better mechanic. It is full of suggestions for those

who like to make things, amateur and professional alike. It has been prepared, es

pecially for men with mechanical hobbies. Some may be engineers, machinists, jew

elers, pattern makers, office clerks or bank presidents. Men from various walks of

life have a peculiar interest in model enffir.ep^fr. MODEL MAKING will be a help and
an inspiration to such men. It tells n :&amp;lt; .io\v-;o-do&quot; and &quot;how-to-make things

in simple, understandable terms. Not only this, it is fi:ll of iroori
.

c!rr.r Corking

drawings and photographs of the models and apparatus .uscrjvt;.. r.:i( : model nas

been constructed and actually works if it is made according u&amp;gt; ..,:rv&quot;. .&amp;lt;&amp;gt;:&amp;gt;. ^econd

revised and enlarged^edition. 428 pages. 337 illustrations. Price . . . $t3.OU

SHIP MODEL MAKING

The only published books that meet the large demand for prod?? i* Kt c1ifi*?Mw
ship models. They arc a new departure in this class of /.

.&amp;lt;/ /:a i&amp;lt;:nn so artistically puo-

lished they are a pleasure to have, to read and to work with.

HOW TO MAKE WORTH-WHILE MODELS OF DECORATIVE SHIPS.

By CAPTAIN E. AKMITAGE McCANN.

ings, colored frontispiece. Price *

HOW TO MAKE A MODEL OF THE U. S. FRIGATE -CONSTITUTION.&quot;

By CAPTAIN E. AKMITAGE McCANN.

Every true American has an affectionate interest,

lnj
for more than 100 years has carried the flag *

victory
by public subscription, because she rePresents the&amp;gt; j

rrfht* Tri,ir^ &amp;gt;vtr
I
n&amp;gt;n0 nf t.hfi world s leading autnon

&quot;M*B
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HOW TO MAZE A CLIPPER SHIP. By CAPTAIN E. AEMITAGE McCANN.

This practical and timely book tells how any handy person can make a model of the

American Clipper Ship &quot;Sovereign of the Seas&quot; Donald McKays most beautiful

vessel. The aSthor, with ample descriptions, illustrations and full-sized plans of

every part, tells how, with a few tools, anyone can make a simplified model, which,

while retaining the general appearance, eliminates much work; he also gives all the

details for those who desire them. The entire building and rigging
are given to scale

from start to. finish. Either simplified or with complete details. Profusely illustrated,

scale drawings, colored frontispiece. Price tb^.oo

MANUAL TRAINING

ECONOMICS OF MANUAL TRAINING. By Louis ROUILLION.

The only book published that gives just the information needed by all interested in

Manual* Training, regarding Buildings, Equipment, and Supplies. Shows exactly
what is needed for all grades of the work from the Kindergarten to the High and
Normal School. Gives itemized lists of everything used in Manual Training Work
and tells just what it ought to cost. Also shows where to buy supplies, etc. Contains
174 pages, and is fully illustrated. 2d edition. Price $3.00

MINING

PROSPECTOR S FIELD-BOOK AND GUIDE. By H. S. OSBORN.
Ninth edition, revised and enlarged by M. W. von Bernewitz. The last edition of
this volume was published in 1910. It and the previous seven editions were suitable
for those times. The new ninth edition will be found suitable for the present time.
While the old-time prospector will always be an important factor, the knowledge of
and search for the common and rarer minerals is bringing out men who are trained to
some degree. In the field they need a handy and suggestive pocket-book containing
hints on prospecting where to search and how to test couched in simple terms. 364
pages. 57 illustrations. Price $3.00

MOTORCYCLES

MOTORCYCLES AND SIDE CARS, THEIR CONSTRUCTION, MANAGE
MENT AND REPAIR. By VICTOR W. PAGE, M.E.
This treatise outlines fully the operation of two- and four-cycle power plants and all

ignition, carburetion and lubrication systems in detail. Describes all representative
types of free engine clutches, variable speed gears and power transmission systems.
Gives complete instructions for operating and repairing all types. Considers fully
electric self-starting and lighting systems, all types of spring frames and spring forks
and. shows leading control methods. For those desiring technical information a
complete series of tables and many formulae to assist in designing are included.
The work tells how to figure power needed to climb grades, overcome air resistance
and attain high speeds. It shows how to select gear ratios for various weights and
powers, how to figure braking efficiency required, gives sizes of belts and chains to
transmit power safely, and shows how to design sprockets, belt pulleys, etc. This
work also includes complete formulae for figuring horse-power, shows how dyna
mometer tests are made, defines relative efficiency of air- and water-cooled engines, plain
and anti-friction bearings and many other data of a practical, helpful, engineering
nature. 2nd Edition. 693 pages. 371 specially made illustrations. Cloth. Price

$2.50WHAT IS SAID OF THIS BOOK:
&quot; Here is a book that should be in the cycle repairer s kit. &quot;American Blacksmith.
* The best way for any rider to thoroughly understand his machine, is to get a copyof this book; it is worth many times its price.&quot; Pacific Motorcyclist.
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MOTOR BOATS

MOTOR BOATS AND BOAT MOTORS. By VICTOR W. PAGE AND A. C. LEITCH.
All who are interested in motor boats, either as owners, builders or repairmen, will
find this latest work a most comprehensive treatise on the design, construction, opera
tion and repair of motor boats and their power plants. It is really two complete
books in one cover as it consists of two parts, each complete in itself. Part One deals
with THE HULL AND ITS FITTINGS, Part Two considers THE POWER PLANT AND ITS
AUXILIARIES. A valuable feature of this book is the complete set of dimensioned
working drawings detailing the construction of five different types of boats ranging
from a 16-foot shallow draft, tunnel stern general utility craft to a 25-foot cabin
Cruiser. These plans are by A. C. Leitch, a practical boat builder and expert naval
architect, and are complete in every particular. Full instructions are given for the
selection of a power plant and its installation in the hull. Valuable advice is included
on boat and engine operation and latest designs of motors are described and illustrated.

The instructions for overhauling boat and engine are worth many times the small
cost of the book. It is a comprehensive work of reference for all interested in motor
boating in any of its phases. Octavo. Cloth. 372 illustrations. 524 pages.
Price 7,....; $4.00

PATTERN MAKING

PRACTICAL PATTERN MAKING. By F. W. BARROWS.
This book, now in its third edition, is a comprehensive and entirely practical treatise

on the subject of pattern making, illustrating pattern work.in both wood and metal,

and with definite instructions on the use of plaster of Paris in the trade. It gives

specific and detailed descriptions of the materials used by pattern makers and de

scribes the tools, both those for the bench and the more interesting machine tools;

having complete chapters on the Lathe, the Circular Saw, and the Band Saw. It gives

many examples of pattern work, each one fully illustrated and
explained^

with much
detail These examples, in their great variety, offer much that will be found of

interest to all Sem makers, and especially to the younger ones, who are seeking

information on the more advanced branches of their trade.

In this second edition of the work will be found much that is new, even to those who
have Ions Bracticed this exacting trade. In the description of patterns as adapted

to the Mouldin^ Machine many difficulties which have long prevented the rapid and

ZSm^^^*8&$^}^.^^&^^-
S-S

specific title, its cost,
&amp;gt;er of pieces and core-

_ &amp;gt; a most complete card

tions. Price

PERFUMERY

PERFUMES AND COSMETICS, THEIR PREPARATION AND MANUFAC-

TORE. By G. W. ASKINSON, Perfumer.

Price
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PLUMBING
MECHANICAL DRAWING FOR PLUMBERS. By R. M. STAEBUCK,A concise, comprehensive and practical treatise on the subject of mechanical drawingm.jp various ^pdem applications to the work of all who are in any way connectedwith the plumbing trade. Nothing will so help the plumber in estimating and in

explaining work to customers and workmen as a knowledge of drawing, and to theworkman it is of inestimable value if he is to rise above his position to positions of
greater responsibility. Among the chapters contained are: 1. Value to plumber of
knowledge of drawing; tools required and their use; common views needed in niechin
ical drawing. 2. Perspective versus mechanical drawing in showing plum bine- rnn
struction; 3. Correct and incorrect methods in plumbing drawing ; plan and elevating
explained. 4. Floor and cellar plans and elevation; scale drawings ; use of triaS?
?*??++ triangles; drawing of fittings, traps, etc. 6. Drawing plumbing elevationsand fittings. 7. Instructions in drawing plumbing elevations. 8. The drawhie nf
plumbing fixtures; scale drawings. 9. Drawings of fixtures and fittings. 10 li idnlof drawings. 11. Shading of drawings. 12. Shading of drawings 13 Section^]drawings ; drawing of threads. 14. Plunfbing elevations from architect s plan 15 Flovations of separate parts of the plumbing system. 16. Elevations from the arch tec /s&quot;

]S?3p-I*
Dra7in s of de*ail plumbing connections. 18. Architect s plans and plum b-

f planf for co^ale
6110

20. Plun?^
l^tem^us^oTIc

S^^^^^^^^^SS^^S^^S^ings for Plumbers Examinations. 123 pages. 160 illustrations. Price $2 00
MODERN PLUMBING ILLUSTRATED. By R. M. STARBUCK

lishment; plunibnlg18r^^ engm^ hclise SS&^SS^ I*u?Wn*.tor ^^ *&

full-page engrav^^^e^^r^S^Zf^ic^ fflUStrated

$S



CATALOGUE OF GOOD, PRACTICAL BOOKS

STANDARD PRACTICAL PLUMBING. By R. M. STARBUCK.

A complete practical treatise of 450 pages covering the subject of Modern Plumbing
in all its branches, a large amount of space being devoted to a very complete and

practical treatment of the subject of Hot Water Supply and Circulation and Range
Boiler Work. Its thirty chapters include about every phase of the subject one can

think of, making it an indispensable work to the master plumber, the journeyman
plumber, and the apprentice plumber, containing chapters on: the plumbers tools;

wiping solder; composition and use; joint wiping; lead work; traps; sipnonage of

traps; venting; continuous venting; house sewer and sewer connections; house drain;

soil piping, roughing; main trap and fresh air inlet; floor, yard, cellar drams, rain

leaders, etc.; fixture wastes; water closets; ventilation; improved plumbing connec

tions; residence plumbing; plumbing for hotels, schools, factories, stables, etc.;

modern country plumbing; filtration of sewage and water supply; hot and cold

supply; range boilers; circulation; circ^lRtinsf pipes; range boiler problems; hot

water for large buildings; water lift :sn&amp;lt;l H-- i.&amp;gt;:o: multiple connections for hot^ water

boilers; heating of radiation by supply sys-tem; theory for the plumber; drawing for

the plumber. Eighth revised and enlarged edition. 444 pages. Sully illustrated

by 364 engravings. Price .............. $3:.uu

RADIO BOOKS

THE A B C OF VACUUM TUBES USED IN RADIO RECEPTION. By E. H.

LEWIS.

This is the book for the person who wishes to know. what

vacuum tube when it Is nwd in r. rnrilo receiving c^
to the person who knows rcvhiiiu ai)j:i. radio and very htt o if&amp;gt;.*&amp;gt;

+ton*
The Hook

tTMVitv TsTn wpvinus ir-fr-iic; 1
1 1- r-.ou (!::

* is necessary to IJ:KIIT^T^:UI ;.. ine DOO&

IfSw of^af vSt(^.i.c ovv^^.ir^- who is just taking up the fascinating study

of vacuum tube operation. ,,.,.* u i +&amp;lt;h-

Starting with an explanation of elementary electrical *^^^^L$Sb
tev$y

functioning of various vacuum tubes as detectors and
^
amplifiers is

^P^med
step by

48 illustrations. Price ......... *&quot;
.&quot;

L^NSTRUCTION OF A MODERN SUPER-HETERODYNE TOTE RECEIVER

nraSSSroT?ESTING AND OPERATION. By a staff of Radio Engineers

-~~JOHN E. ANDERSON, ARTHUR C. C. MILLS and ELMER H. LEWI*.

This booklet with the drawings accompan^j^same^^&quot;^^2 wSis
tton on the complete construction of a^^J^^ ge

&^^e insure excellent
extremely sensitive selective and

nc^-ra(hatog ^^^Jspeaker. Very complete
quality of reproduction when used ii a

thP rifouit as well as the complete receiver
information on the testing ?^^lS^he se? a^e also very complete

P
Directions

are given. The directions; for
oj

)^tl^^ ofthe receiver to accommodate dry cell

are included for slightly altermg
,

the
wirm^^01 ^.

r
e
ec
storage batteries. The design

^i^^^^^^^^^^ of^ open antenna to acc
.

ordanc
I1!

1

o
t

the instructions given. Price ..........
WIRELESS TELEGRAPHY AM) TELEPHONY SIMPLY EXPLA!NEp. By

ALFRED P. MORGAN.
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-EXPERIMENTAL WIRELESS STATIONS. By P. E. EDELMAN.
The theory, design, construction and operation is fully treated including Wireless
Telephony, Vacuum Tube, and quenched spark systems. The new enlarged edition
is just issued and is strictly up to date, correct and complete. This book tells
how to make apparatus to not only hear all telephoned and telegraphed radio mes
sages, but also now to make simple equipment that works for transmission over rea
sonably long distances. Then there is a host of new information included. The
first and only book to give you all the recent important radio improvements, some
of which have never before been published. This volume anticipates every need of
the reader who wants the gist of the art, its principles, simplified calculations, appara
tus dimensions, and understandable directions for efficient operation.
Vacuum tube circuits; amplifiers; long-distance sets; loop, coil, and underground
receivers: tables of wave-lengths, capacity, inductance; such are a few of tlie sub
jects presented in detail that satisfies. It is independent and one of the few that
describe all modern systems.
Endorsed by foremost instructors for its clear accuracy, preferred by leading amateurs
for its dependable designs. The new experimental Wireless Stations is sure
to be most satisfactory for your purposes. 27 chapters, 392 pages. 167 illustra
tions. Price .................. $2.00

HENLEY S 222 RADIO CIRCUIT DESIGNS. By JOHN E. ANDERSON, ABTHUR
C. C. MILLS and ELMER H. LEWIS.
An entirely new and thoroughly practical book on radio circuit designs which willmeet trie neecis of every radio enthusiast, whether novice or expert, amateur or pro
fessional. Ic is replete with correct and trustworthy radio information from which
any one can successfully build and operate any of the circuits given. Contains the
largest collection of radio circuits and hook ups ever published and includes all the
standard types and latest developments.
This new book treats the subject in an entirely different and novel way, as it is the
only book that illustrates the complete electrical design of the circuits, showing the

B and resistances - wlth the namo oi eacl1

The book explains in simple words the principles of operation of every circuit describedand the functions of all of the component pieces of apparatusbut carefully avoids
needless theory. It is so simple that the novice will understand it; so thorough thathe can build successfully any circuit it contains without any other assistance- so
suggestive of new circuit arrangements that the most insatiable experimenter will
find it an inexhaustible source of circuits; so comprehensive that the most advanced
JS^-SP wlU ^d/aspiration in its pages; so complete and conveniently arrangedthat the expert radio engineer will find it an invaluable and handy reference volume-so thoroughly indexed that the reader can find at once just the circuit informationhe is seeking. It is a veritable fountain of authoritative radio information It brfuffs
to _the side of every experimenter the results of research in the largest industrial&quot;
university, and government radio laboratories, and the expert knowledge of the
greatest radio engineers. It is the radio experimenter s indispensable assistanthis inseparable laboratory companion.

,

$1.00

-HENLEY S WORKABLE RADIO RECEIVERS. By a Staff of Radio Engi
neers JOHN E. ANDERSON, ARTHUR C. C. MILLS and ELMER H. LEWIS.
An authoritative book on practical receiving sets of modern design with coniDlete
explicit directions for building them. This new book contains complete. descffiSwofmany types of receivers, which, by long experience have proved to be the most sat
isfactory from the viewpoints of selectivity, sensitivity, convenience.and eronomvof operation, dependability, and quality of reproduction. It gives m greatest deSilcircuit and wiring diagrams, panel and baseboard layouts and drilling^templates sothat any amateur may build a successful receiver from the directions give? It alsoincludes a discussion on the principles underlying each circuit, and showJclearlv howcallbrate the receivers. 196 pagesW 116 specially made en|ravingl!

$1.00
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SPECIAL TWENTY-FIVE CENTS RADIO BOOKS
These inexpensive books contain a wealth of essential Radio informa
tion. They answer thousands of questions about the art and science
of Radio Telegraphy and Telephony t in language so simple that the
most inexperienced novice and amateur can easily understand.

Every branch of the art is thoroughly and systematically covered,
detailed information being given. Experimenters will find in them a
storehouse of ideas and helpful hints.

DESIGN DATA FOR RADIO TRANSMITTERS AND RECEIVERS. By
MILTON B. SLEEPER.

Far from being a collection of formulas, Design Data takes up in proper sequence the
problems encountered in planning all types of receiving sets for short, medium, and
long wave work, and spark coil, transformer and vacuum tube transmitters operating
on 200 meters. Tables nave been worked out so that values can be found without
the use of mathematics. Radio experimenters will find here information which will
enable them to have the most modern and efficient equipment. Price . 25 cents

HOW TO MAKE COMMERCIAL TYPE RADIO APPARATUS. By M. B.
SLEEPER.

This book describes in detail many commercial types of spark and vacuum tube tele

phone transmitting and telegraph and phone receiving equipment of all kinds. The
experimenter will be able to get a world of ideas for the construction of his next piece
of radio equipment from the very clear descriptions and the 96 clearly illustrated
figures. 159 pages. Price 25 cents

IDEAS FOR THE RADIO EXPERIMENTER S LABORATORY. By M. B.
SLEEPER.

This book is indispensable to the radio experimenter who desires to get maximum
information and enjoyment out of his experiments. It fully describes such laboratory
essentials as oscillators, wave-meters, vacuum tube characteristics, measuring circuits,
and many others. It describes the construction and explains the advantages of vari
ous coils, and shows how their inductions may be calculated. 134 pages. 60 illus

trations. Price 25 cents

RADIO EXPERIMENTER S HAND BOOK. By M. B. SLEEPER.

In these days when the Radio Set is almost as necessary in the home as the Phono
graph, there has been a great need of a book which tells in concise way the &quot;Why&quot;

of Radio What makes it work. How to build simple transmitters and receivers.
Answers the practical questions of the novice, the beginner and the advanced student.
Gives detailed descriptions of many types of receiving circuits including the crystal,
audion, regenerative, also amplifiers and oscillators. It is a handy reference book
and no up-to-date radio library is complete without a copy. 143 pages. 16 chapters.
82 engravings. Price 25 cents

RADIO HOOK-UPS. By MHLTON B. SLEBPEK.

In this book the best circuits for different instruments and various purposes have been
carefully selected and grouped together. All the best circuits for damped and un
damped wave receiving sets, buzzer, spark coil and transformer sending equipment, as
well as vacuum tube telegraph and telephone transmitters, wavemeters, vacuum tube
measuring instruments, audibility meters, etc., are shown in this book. . 25 cents
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RECIPE BOOK

HENLEY S TWENTIETH CENTURY BOOK OF RECIPES, FORMULAS AND
PROCESSES. Edited by GARDNER D. Hiscox.

The most valuable Techno-chemical Formula Book published, including over 10,000

selected scientific chemical, technological, and practical recipes and processes

Thlffs the most complete Book of Formulas ever published, giving thousands of

recines for the manufacture of valuable articles for everyday use. Hints, Helps,

Practical Ideal, &quot;d Secret: Processes are revealed within its pages. It covers every
branch of the useful arts and tells thousands of ways of making money, and is just the

book everyone should have at his command.
(

Modern in it treatment of every subject that properly falls within its scope, the book
mav r&quot; -uthfuf:v bo &amp;lt;ad to present the very latest formulas to bo found m the arts and
industries&quot; and to retain those processes which long experience has proven worthy of a
permanent record. To present here even a limited number of the subjects which find

a place in this valuable work would be difficult. Suffice to say that in its pases will

be found matter of intense interest and immeasurably practical value to the scientific

amateur and to him who wishes to obtain a knowledge of the many processes used in

the arts trades P~V] rnr^-.ifnoture. a knowledge which will render his pursuits more
instructive and ::

iii:-n &amp;gt;:;! mv:. Sr-vi-ur as a reference book to the small and largo
manufacturer and supplying intelligent seekers with the information necessary to
conduct a process, the work will be found of inestimable worth to the Metallurgist, tho
Photo &quot;Tsnhp&quot; the Por^u^ior, the Painter, the Manufacturer of Glues, Pastes, Cements,
,:&quot; v-.icilau r.-:. ihe C\&amp;gt; :i:K&amp;gt;ii!i&amp;lt;!Vr of Vlloys, the Cook, tho Physician, Uie Druggist, the
! . v= &quot;irivi nt Brewo- irio KMirincw. the Foundryman, the. Machinist, tho Potter, cho
T:r. :or. i:se Coi-fectioner, the Chiropodist, the Manicure, the Manufacturer of Chcin-
iViii Novi-1; vs a :d Toilet Preparations, the Dyer, the Eloctroplater, tho Enamolcr, tho
K &quot;::.-, .; \v.M . ;!-.- I rovisioner, the Glass &quot;Worker, the Goldbeater, the Watchmaker, tho
.K-uv .v.-. -}\- ! ;;; Maker, the Ink Manufacturer, the Optician, thcs Farmer, tho Dairy
man. !. I M :;; .Maker, the Wood and Metal Worker, the Chandler and Soap Maker,
the Veterinary Surgeon, and the Technologist in general.
A mine of information, and up-to-date in every respect. A book which will prove of
value to EVERYONE, as it covers every branch of the Useful Arts. Every homo
needs this book; every office, every factory, every store, every public and private en
terprise EVERYWHERE should have a copy. New edition recently published
to which has been added an illustrated chapter on Useful Workshop and Laboratory
Methods. S07 pages. Cloth Bound. Price $4.0O

Red Fabrakoid Binding. Price 5.0O

WHAT IS SAID OF THIS BOOK:
&quot;Your Twentieth Century Book of Recipes, Formulas, and Processes duly received.
I am glad to have a copy of it, and if I could not replace it, money couldn t buy it. It
is the best thing of the sort I ever saw.&quot; (Signed) M. E. TEUX, Sparta, Wis.
&quot;There are few persons who would not be able to find in the book some single formula
that would repay several times the cost of the book.&quot; Merchants Record and Show
Window.

&quot;

I purchased your book Henley s Twentieth Century Book of Recipes, Formulas and
Processes about a year ago and it is worth its weight in gold.&quot; WM. H. MURKA.Y,
Bennington, Vt.

&quot; THE BOOK WORTH THREE HUNDRED DOLLARS &quot;

&quot;On close examination of your Twentieth Century Receipt Book, I find it to be a
very valuable and useful book with the very best of practical information obtainable.
The price of the book, $4.00, is very small in comparison to the benefits which one can
obtain from it. I consider the book worth fully three hundred dollars to anvone &quot;

DR. A. C. SPETTS, New York.

&quot;ONE OF THE WORLD S MOST USEFUL BOOKS&quot;
** Some time ago, I got one of your Twentieth Century Books of Formulas * and have
made my living from it ever since. I am alone since my husband s death with two
small children to care for and am trying so hard to support them. I have customers
who take from me Toilet Articles I put up, following directions given in the book,and I have found every one of them to be fine.&quot; MRS. J. H. MCMAKEN, West Toledo,
Ohio.
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Ml|\ m .! w
K
T
R

| 5, /^DY-BOok
OF RECEIPTS AND PROCESSES.

TKCIINO CHKMICAL RECKIPT BOOK. By WIM.IAM T. RRANNT and
\\ ||,| I V M I j . \\ \||!,,

(he household may each profit by the world-wide oxpe-
been eondensed between two covers of this volume. Formulas themo ,1 .tjrrud ami pei M.Ntent investigators have sometimes discovered and perfected

only ;tl frr
,\
e;nv, of experimentation are here exactly set down. The library or the

l. 4hor;ifor,Y, I he taetory or (he home is not complete without this handy and useful
ivlVtviu r \tiluwc, ft Hi paw&quot;*, vs UluxlraUons. i rieo

&quot;

$2.50

SOAP MAKING

AMKKICAN SOAP MAKERS GUIDE, By P. 15. MBBRBOTT.

,Sof//; &amp;lt;/r/ t hftnit ttt Mitnufacturt r &amp;lt;nt&amp;lt;l Clwmitit; Former Instructor of Industrial
(V*/ //m7/f/ nnil J, V. STANM-JV STXN ISJ-AI. S. Chnniml Engineer; Associate Professor,
nrntiktim r //r(/r m rnnnntit ii; Author / tftitnislniHt and Kimbcrky s Short Pharma-
rt itlit (.VH tnttitt H; l^u ntrr I wsMrnl J hiltulclpliiti /irunch American Pharmaceutical
AxatH itttitm; Mi inlit i Scientific tS&quot;onf//f,s , etc.

An ti|&amp;gt;
i &amp;gt; i In- miimic treatise on (ho art atul science of the manufacture of soap,

&amp;lt;

&amp;lt;

nn&amp;lt;ltc
i

. ,u&amp;lt;! Allied loilct, preparatUmH. ThlH in tho most complete and exhaustive
h&amp;lt;K in (In- KM,&quot;.lMi l;u!fcnaK&amp;lt; . The fjroviouK editions4 by Willaim T. Bratmt, on
which thi . volmnr ir; partly based, were widely In demand by the trade, which testi-

M&amp;lt;s (hat (h&amp;lt;\\
&amp;lt;&amp;gt;nvr&amp;lt; d inr&amp;lt;&amp;gt;rm;Lii&amp;lt;m of diNtim^t practkial valuo. Tho present, third,

&amp;lt;IJii(&amp;gt;n Juts been thoroughly revised, (tnlarKcti, entirely rosot and brought to date by
(} addition of m. tny new rh.-ipters. all of which are of paramount importance to the
:ioap IndtiKtry of IhSn country which han HtiMidiiy p:rown in tho past five decades
which Is She history of Mils book to :, position of dignity due its steady and pro
gressive development, America having risen to tho all-important/ and enviable posi
tion of beior tin- largest soup-exporting nation in the world, the progress made in the

houp imliis-irv has been phenomenal. The now edition contains every modern practice
In the &amp;lt;ie\HopMu&amp;gt;m of the industry. Tho physical and chemical constants of oil and
futn have eh;mi/ed. and the new edition contains a complete list with modern calcula

tions for .\ield. etc. The recovery of glycerin, two of fatty acids, special soaps for

oxaetiiiK pnrpoNes, oMpocially Jltted for textile uses are in great demand. All these

HUbieet w u ro fully treated in tho new edition. An entirely new chapter on the manu
facture of eimdleH him bwn added, while tho use of synthetics in the perfuming of soaps
IN fully trended, This is tho most important and thoroughly up-to-date book ever

imbUshed on th! Important nubject. 800 pages. 6 x 9 inches. Cloth binding. 105
illii.si rations. IMce $10.00
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RUBBER

RUBBER HAND STAMPS MANIPULATION OF INDIA RUBBER AND
THE PREPARATION OF RUBBERIZED FABRICS. By T. O CONNOR
SLOAXE.
This book gives full details on all points, treating in a concise and simple manner the
elements of nearly everything it is necessary to understand for a commencement; in
any branch of the Inda Rubber Manufacture. The making of all kinds of Rubber
Hand Stamps, Small Articles of India Rubber, U. S. Government Composition, Dating
Hand Stamps, the Manipulation of Sheet Rubber, Toy Balloons, India Rubber Solu
tions, Cements, Blackings, Renovating Varnish, and Treatment for India Rubber
Shoes, etc.; the Hecktograph Stamp Inks, Rubberized Fabrics, liuin Coats, Rubber
Glove Making, Fire and Garden Hose Manufacture, Miscellaneous Notes, with a Short
Account of the Discovery, Collection and Manufacture of India Rubber, are set/ forth
in a manner designed to be readily understood, the explanations boiug plain and simple.
Including a chapter on Rubber Tire Making and Vulcanizing; also a chapter on the
uses of rubber in Surgery and Dentistry. Fourth revised and enlarged edition.
222 pages. Illustrated. Price $2.0O

SAWS
SAW FILING AND MANAGEMENT OF SAWS. By ROBERT GRIMSHAW.

A practical hand-book on filing, gumming, swaging, hammering, and the brazing of
band saws, the speed, work, and power to run circular saws, etc. A handy book for
those who have charge of saws, or for those mechanics who do their own filing

*

as it deals
with the proper shape and pitches of saw teeth of all kinds and gives many useful hintsand rules for gumming, setting, and filing, and is a practical aid to those who use saws
for any purpose. Complete tables of proper shape, pitch, and saw teeth as well as
sizes and number of teeth of various saws are included. Fourth edition, revised and
enlarged. Illustrated. Price ................ ^ KQ

SCREW CUTTING

THREADS AND THREAD-CUTTING. By COLVIN and STABLE.
This clears up many of the mysteries of thread-cutting, such as double and 1 H

STEAM ENGINEERING
ENGINE RUNNER S CATECHISM. By ROBEBT GEIMSHAW

A practical treatise for the stationary engineer, telling; how to prrt; arHnef- ii m

ssSSSf?-*^^
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AMERICAN STATIONARY ENGINEERING. By W. E. CRANE.
This book begins at the boiler room and takes in the whole power plant. A plain
talk on every-day work about engines, boilers, and their accessories. It is not intended
to be scientific or mathematical. All formulas are in simple form so that anyone
understanding plain arithmetic can readily understand any of them. The author
has made this the most practical book in print; has given the results, of his years of
experience, and has included about all that has to do with an engine room or a power
plant. You are not left to guess at a single point. You are shown clearly what to
expect under the various conditions; how to secure the best results; ways of prevent
ing &quot;shut downs&quot; and repairs; in short, all that goes to make up the requirements
of a good engineer, capable of taking charge of a plant. It s plain enough for practicalmen and yet of value to those high in the profession,
A partial list of contents is: The boiler room, cleaning boilers, firing, feeding; pumps,
inspection and repair; chimneys, sizes and cost; piping; mason work; foundations;
testing cement; pile driving; engines, slow and high speed; valves; valve setting;
Corliss engines, setting valves, single and double eccentric; air pumps and condensers;
different types of condensers; water needed; lining up; pounds; pins not square in
crosshead or crank; engineers tools; pistons and piston rings; bearing metal; hard
ened copper; drip pipes from cylinder jackets; belts, how made, care of; oils; greases;
testing lubricants; rules and tables, including steam tables; areas of segment;
squares and square roots; cubes and cube root; areas and circumferences of circle.
Notes on: Brick work; explosions; pumps; pump valves; heaters, economizers,
safety valves; lap, lead, and clearance. Has a complete examination for a license,
etc., etc. Third edition. 311 pages. 131 Illustrations. Price. . , , $3.50

HORSE-POWER CHART.
Shows the horse-power of any stationary engine without calculation. No matter what
the cylinder diameter of stroke, the steam pressure of cut-off, the revolutions, or
whether condensing or non-condensing, it s all there. Easy to use, accurate, and
saves time and calculations. Especially useful to engineers and designers. 50 cents

STEAM ENGINEER S ARITHMETIC. By COLVIN-CHENET.
A practical pocket-book for the steam engineer. Shows how to work the problems of
the engine room and shows &quot;why.&quot; Tells how to figure horse-power of engines and
boilers; area of boilers; has tables of areas and circumferences; steam tables; has a
dictionary of engineering terms. Puts you on to all of the little kinks in figuring what
ever there is to figure around a power plant. Tells you about the heat unit; absolute
zero: adiabatic expansion; duty of engines; factor of safety; and a thousand and one
other things; and everything is plain and simple not the hardest way to figure, but
the easiest. Fourth Edition. 132 pages. Price 75 cents

STEAM ENGINE TROUBLES. By H. HAMKENS.
It is safe to say that no book has ever been published which gives the practical en
gineer such valuable and comprehensive information on steam engine design and
troubles.

Not only does it describe the troubles the principal parts of steam engines are subject
to ; it contrasts good design with bad, points out the most suitable material for certain

parts, and the most approved construction of the same; it gives directions for correct

ing existing evils by following which breakdowns and costly accidents can be avoided.
Just look into the nature of the information this book gives on the following sub
jects. There are descriptions of cylinders, valves, pistons, frames, pillow blocks ai

other bearings, connecting rods, wristplates, dashpots, reachrods, valve gears, gove
nors, piping, throttle and emergency valves, safety stops, fly-wheels, oilers, etc.

there is any trouble with these parts, the book gives you the reasons and tells how
remedy them.
The principal considerations in the building of foundations are given with the s

area and weight required for the same, also the setting of templets and lining up, \

a complete account of the erection and &quot;breaking in&quot; of new engines in the langu
of the man on the job.

Contains special chapters on: I. Cylinders. II. Valves. III. Piping and Sepai
tors. IV. Throttle and Emergency Valves. V. Pistons. VI. Frames. VII. Bet
ings. VIII. Connecting Rods. IX. Hookrods. X. Dashpots. XI. Governoi
XII. Releasing Gears. XIII. Wristplates and Valve Motions. XIV. Rodends ai
Bonnets. XV. Oilers. XVI. Receivers. XVII. Foundations. XVIII. Erectioi

XIX. Valve-Setting. XX. Operation. 284 pages. 276 illustrations. Price $2.5
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STEAM: HEATING ANJ^
PRACTICAL STEAM, HOT-WATER HEATING AND VENTILATION. K v

A. G. KINO.

This hook is the standard and latest- work publish**! &amp;lt;m th sublet and Jw. bem pre
pared for the use of all enr;a; .ed In the bushmsN of sti*attt, hot \vatrrhi-afm;:. and \nuiia-
tkm. It is an original and e\bau .ii\&amp;lt;- work. Tells how to * ,&amp;lt;( hear im-. cnniract ., how
to instn.II hcnlm:-; and venlilahnr. apparatus, flu* hoM Str4iir;% n Uunl- to f.&amp;lt;- u-cd,
with &quot;Tricks of the Trade&quot; for shop use, Rule-; and data tor -,t un.it ar-. radiation
and cost, and such tables and information as make If an mdi .pi-n-.aiilr u.ui. r iri \rr.v

one Interested in steam, hot-water heat. iiitf, and ventilation If di&quot;.eribr . all the principal
systems of steam, hot-water, vacuum, vapor, and \.iemmi V.II--

with tin? new accelerated s.\.-:(-cui
i

: of hot-tvatt r rrciiiau ii. uu

np-to-da.tes methods of ventilation and (ho fan or blower s,vsti
4 in I

tion. ront.aiiiiMtf &amp;lt;*liapt(TM &amp;lt;: I. Introduction, If llr.tf

artificial licatin^ apparatus. IV, Boiler Nurfari* and wtt iiuv.

VI. PIpo and Mniu^-s. VII. ValvM, various Kind .- VIM
fiurfaccw. IX. Lociating of radiating Nurfarc-N, X, K-iflinaflrr: r:

iUMititiK apparatus. XII. Kxhaust.-stcaiu hcattnur. \II1
.Pnwsure syst(\ntH of hot-watr work, XV, Mi \v,if-r .ipp

luxating, *XVM. Vacniun va.por and vacuum c\hauM
tUMHiK h(atlnw. XIX. lta.dia.tnr and pipe conm-ci im .

TM&amp;lt;&amp;lt;hiini&amp;lt;:al ventilation and hot-hliist hcattn. :. \MI ..
I)is(.rlc(. heating. XXIV. I ipr and hoil-r -o\rriiif \\\ T*
an&amp;lt;l heat, control. XXVI. ltuslnc-s m-Uioi|.. \X\II \I i - lhinriu X \ \ I J 1 ,

Kul(\s, t.ahh s. and useful Information. &amp;gt;&amp;gt;* par,*
1
;,. ;;!Hili-f.ul d i Hiir.iujrr! -. Mt Mi

Edition Ke vised. I rJoo.*....*.*.. , , $4,CH&amp;gt;

WHAT IS HAU) &amp;lt;H

Jt TIIK HOOK
&quot;

I want, to say that your book In worth It* %vlKltt in Hold to un&amp;gt;nnc in th* hatii)K
bnslruwK, AH old aii&amp;lt;l experienced jw I iwn inyHclf, I have KO! *oini vr i\\ K&amp;lt;od

t&amp;gt;
*JtHer &amp;lt;

Ollt of it, I havo oilier hook,-;, but they don
f explain fh- /h.-m iiir .s . plaint.v a*&amp;lt; !hn

A. (J. Kind s book on Ilealin? , I&amp;lt;\ K, I&amp;gt;li\i .. Iridi-tti.ipolr.. Indi.Hi.i
41

In this book (In* atil-hor. a man of Ijtrffe c\p-rii ner. prf.i n; HH- laCc%f and tn-str

methods of Mt.ca.ni a.nd hot water Itcafinr. If v%dJ ! fmti!i . handlxtoU of ftt eat.
valuci to tlu-. lioikiiiif; onKlneer, jirchiicct ;uid oitu-r-. jntfn-.ini in rrrciitiK or ord&amp;lt;nini*

work of tiiis chtss,&quot; /t/rM^r/,v ami nuiitift.-,

600 PLAIN ANSWERS TO DIRECT QUESTIONS 01 STEAM, HOT-WATER,
VAPOR AN0 VACUUM HEATING PKACTICF,. My AI .MU i. f J, hm*,
This work, juwt off th( proHHt, IN arranged in qtie^flon syid answer form , if in tutended JIN
a (guide and text-book for the younger, lne%pcHene&amp;lt;*d fitter ittid n?i a reference book for
all Httern. This book telln &quot;how&quot; and aHo fell:* &quot;why,** No wrU of J?i Kind lia*i
ov(u- been published. H aiww&amp;lt;w*M all the t|it&amp;lt;vHonrj ri K*irtltUK t b meOiod or .&amp;lt;VMt 4*111

that woiil&amp;lt;l be asked by fcho Hteiwn Utter or lusitlitK con HIM* tor, uittl ^ be urd 5r-s a
toxt or reforeiuMj book, and for examination qur^non-* by rrnd* 1

^&amp;lt; tto&amp;lt;l?i or Stmun
Flttors Associations. Kultw, data. i4iht&amp;lt;w itntl ilewviptivi* ntcfhod^ are Klven, to-
gothor with much other detailed information of dully friwU&amp;lt;*a! n^ to ihtmc &amp;lt; UF:age&amp;lt;l in
or intorestod in the various molhod:: ci hefiflng, Vfiltlli,lili+ to ihow pre|iai1ttj| for
examinations. Answers ov(*ry &amp;lt;|iieKtIon iwlctnl retitliitu to uttiflwit Meiun lftr U ;ttir
Vapor and Vacuum Heating Among lh &amp;lt;*&amp;gt;.* tt itrtr Tin* 11i* or,\ jwd hawn of
float. MoMiods of Heating, I hlmrtoy* and l^im-, tfoiii-T * for HeaUu^. Holtor
Trimmings and HottfngH !ta&amp;lt;IIntltm, Hti-ani Ilr-.tfuj?: Boiler, Hndtutot mid Titm
OonnootloriK for Htearn Heating. Hot &amp;gt;Va*rr H-.itM.e *rh TvmJ hM Urnvttv
System of Hot Water Heaiin^. The &amp;lt; MwuH HyMt4*fn if Hl Wilier IJ*si*mjr, lite
Over-hood Hyntem of Hot Water Ih-atinM. Iiofit*r, iiintlfttiir and |MM &amp;lt; i,mivtior. for
Gravity HyHtoms of Hot Water Ih-aihu?, Ac4-elerafed Hoi W.urr H Jitiiw Kx*
patiHion Tank. (onnrotlDits. Doim-.tic Hofc Wat.er lii^affiiK. Valves anil Ait* Vittvwt,Vacuum Vapor and Varuo-Vapor H.-atJuft. IVteehanical S

(
v?4em% f Vnnttint HeaflnK,

Non-Mechanical Vacuum SysttnnK, Vnpor Hyyi&amp;gt;,, A tiiuwpltertc mid Mo&amp;lt;iiUjitiK
Systoms. Heating (in&amp;lt;enhoiiHi&amp;gt;H. fnformtiii*i Itttlifi iiiiij Tables SH itmt Kdlttnu,
:&amp;gt;,

r
,t p;ics. l.

r
&amp;gt;7 illust rat-ions. Octavo, &amp;lt;UoUl, l rlt*ii ,,,,., SJl.ftC)
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CATALOGUE OF GOOD, PRACTICAL BOOKS

STEEL

STEEL: ITS SELECTION, ANNEALING, HARDENING, AND TEMPERING,
lly 1 - M MA UK HAM,
This hook tell,-, how to select, and how to work, temper, harden, and annoal stcol for
ever,\ ihin&amp;lt;* &amp;lt;H earth, 1 1 doesn t toll how to temper one. class of tools and then leave
MM* treatment of another kind of too! to your imagination and judgment, but it gives
careful MI &quot;.i met inns Tor every dotajl of every tool, whether it bo a tap, a reamer or just
a, screw driver, It tells about the tempering of small watch springs, the hardening of
cutlery, and (he annealing of dies, In fact, there isn t a thing that a steel worker
would want. &amp;lt;&amp;lt; know I hat isn t included. It. is the standard book on selecting, harden-
in? ,, and tempering all grades of steel. 400 pages. Very fully illustrated, A new
revised and enlarged edition will soon bo published. Price to bo announced later.

HARDENING, TEMPERING, ANNEALING, AND FORGING OF STEEL,
INCLUDING HEAT TREATMENT OF MODERN ALLOY STEELS. By
.1. V. \\&amp;lt;MH&amp;gt;VVOKTH.

A new work &amp;lt; rent litf
1

; in a clour, conciso manner all modern processes for the heating,
ai .Mi-.i ie,-. Insvni; . welding, hardening, and tempering of high and low grade steel,

maUinr. d a book of woni practical value to the metal-working mechanic in general,
with special directions for the successful hardening and tempering of all steel tools

used ut the arts, including milling cutters, taps, thread dies, reamers, both solid and
shell, hollow mills, punches and dies, and all kinds of shoot metal working tools, shear
blade--, saws, line cutlery, and metal cutting tools of all description, as well as for all

iinplciticni-. of steel both large and small. In this work the simplest and most satis-

taeh.i&quot;, hardening and tempering processes are given.
The U .e. ; to which the leading brands of stool may bo adapted are concisely presented,
and their treatment- for working under different conditions explained, also the special
methods for the hardening and tempering of spocia I brands.

A, chapter devoted to the dilforcnt processes for case-hardening is also included, and
special reference made to the adaptation of machinery steel for tools of various kinds.

Fifth 1 ahUou, It
1

..! I pittfcs. JO 1. illustrations. Price $3.00

TANNING

PRACTICAL TANNING. By ALLKN lUxaats.

A hook of Modem Practice and Processes as applied in the manufacture of leather and
allied products helm? intended primarily for those, interested in the actual production
of lent her, deal With the subject, from a. practical rather than from a theoretical

-.t-indp .int The author |M master of every intricacy in the handling of hides and

.Kins and is in clone touch with the latest, discoveries made by scientific experimenters
nil I nrieii -il Pinners the world over, lie has withheld nothing that has passed the

uctd i .LiY.i
fl

operation on an Industrial scale. There are remedies given for most of

the troubles to which the fanner, the currier and dyer aro heirs. 740
pages^

124

lilUHtratlotts. Price ..,...

TINSMITHING

TIN, SHEET-IRON AND COPPER PLATE WORKER. By LBROY J. BLI

A nrarUeal workshop compa-nion containing rules for describing various kinc*

n-,M -i i i MO&amp;lt; ! hv ti i sljeet iron and &amp;lt;-opper-pla,te workers; practical geometry;

a ,! n &amp;lt; s rf HI&quot; uu sn i. s t.a.bles of\\w vieighte and strengths of
nutate

aw
MI ., ,.. ,

. hi hi of tiv;is an&amp;lt;l Vlrrumforonnw of circles; composition of metallic

m i An .
i

- w h i er n v 11 iDUi receipts and manipulations for evory-day

\ W ( H Hbc^
Ul

New^ nian^dl ditmn, t&amp;lt; which ha,
j

been added many new ,

problems Cloth. :&amp;lt;H4 JMWW. 1207 Illustrations. Price
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CATALOGUE OF GOOD, PRACTICAL BOOKS

TRACTORS

MODERN GAS TRACTOR: ITS CONSTRUCTION, UTILITY, OPERATION
AND REPAIR. By VICTOR W. PAGE.

An enlarged and revised edition that treats exclusively on the design and construction
of farm tractors and tractor power plants, and gives complete instructions on their

care, operation and repair. All types and sizes of gasoline, kerosene and oil tractors
are described, and every phase of traction engineering practice fully covered. In
valuable to all desiring reliable information on gas motor propelled traction engines
and their use. All types of tractors are described and complete instructions are
given for their use on the farm. The chapter on engine repairing has been greatly en
larged and complete and detailed instructions are now given for repairing well-known
and widely used tractor power plants, numerous new forms of which are described.
Valuable information compiled by Government experts on laying out fields for tractor
plowing and numerous practical suggestions for hitches so all types of agricultural
machinery can be operated by tractors, are outlined. The chapter on tractor con
struction and upkeep has been more than doubled in size. Over 100 new illustra
tions have been added and the book greatly enlarged. Full instructions are now
given for using kerosene and distillate as fuel. The new edition is 50 per cent larger
than the second edition and is more than ever the acknowledged authority on farm
tractors and their many uses. 5%x7}4 inches. 590 pages, 266 illustrations. 3
folding plates. Price $2.50

WELDING

MODERN WELDING METHODS. By VICTOR W.
One of the most instructive books on all methods of joining metals yet published for
the mechanic and practical man. It considers in detail oxy-acetylene welding, tho
Thermit process and all classes of electric arc and resistance &quot;welding. .It shows all
the apparatus needed and how to use it. It considers the production of welding gases,
construction and operation of welding and cutting torches of all kinds. It details
the latest approved methods of preparing work for welding. All forms of gas and
electric welding machines are described and complete instructions are given for
installing electric spot and butt welders. Cost data are given and all methods of
doing the work economically are described. It includes instructions for forgo and
dip brazing and manufacture of hard solders and spelters. It shows and explains
soft soldering processes and tells how to make solders for any use. Complete instruc
tions are given for soldering aluminum and authoritative formulas for aluminum solders
are included. 292 pages. 200 illustrations. Price $3.00

AtTTOMOBILE WELDING WITH THE OXY-ACETYLENE FLAME.
M. KEITH DUNHAM.

By

Explains in a simple manner apparatus to be used, its care, and how to construct
necessary shop equipment. Proceeds then to the actual welding of all automobile
parts, in a manner understandable by everyone. Gives principles never to bo for
gotten. This book is of utmost value, since the perplexing problems arising when
metal is heated to a melting point are fully explained and tlie proper methods to
overcome them shown. 167 pages. Fully illustrated. Price . . . . . $1.50

OXY-ACETYLENE WELDING AND CUTTING WITH A TREATISE ON
ACETYLENE AND OXYGEN. By P. F. WILLIS.

The sixth revised and much enlarged edition of this book is just off the press It is a
very

_complete work, written in simple language, fully illustrated with engravings
showing how to prepare the work, as well as the actual welding of it. Special chapters
treating on Acetylene Oxygen Welding and Cutting, Torch Apparatus and Installa
tion Preparing for Welding, Welding of Different Metals, Welding of Sheet Metaland Pipe, Welding of Boilers, Welding of Various Pieces, Electric Welding, AutonS-
bile and miscellaneous welding are contained, as well as other valuable data 254
pages. Fully illustrated. Price $1.60
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